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THERAPEUTIC AGENTS 

The present invention relates to a class of substituted imidazo- 
pyrazinone derivatives "and" to* their ug© in^hempy : ~ M"6fe~paf ti'cularly, this 
5 invention is concerned with imidazo[l,2-a]pyrazin-8-one analogues which 
are substituted in the 3-position by a substituted phenyl ring. These 
compounds are ligands for GABAa receptors and are therefore useful in 
the therapy of deleterious neurological complaints. 

Receptors for the major inhibitory neurotransmitter, gamma- 

10 aminobutyric acid (GABA), are divided into two main classes: (1) GABAa 
receptors, which are members of the ligand-gated ion channel superfamily; 
and (2) GABAb receptors, which may be members of the G-protein linked 
receptor superfamily. Since the first cDNAs encoding individual GABAa 
receptor subunits were cloned the number of known members of the 

15 mammalian family has grown to include at least six a subunits, four (3 
subunits, three y subunits, one 5 subunit, one 8 subunit and two p 
subunits. 

Although knowledge of the diversity of the GABAa receptor gene 
family represents a huge step forward in our understanding of this ligand- 

20 gated ion channel, insight into the extent of subtype diversity is still at an 
early stage. It has been indicated that an a subunit, a p subunit and a y 
subunit constitute the minimum requirement for forming a fully 
functional GABAa receptor expressed by transiently transfecting cDNAs 
into cells. As indicated above, 8, 8 and p subunits also exist, but are 

25 present only to a minor extent in GABAa receptor populations. 

Studies of receptor size and visualisation by electron microscopy 
conclude that, like other members of the ligand-gated ion channel family, 
the native GABAa receptor exists in pentameric form. The selection of at 
least one a, one p and one y subunit from a repertoire of seventeen allows 

30 for the possible existence of more than 10,000 pentameric subunit 
combinations. Moreover, this calculation overlooks the additional 
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permutations that would be possible if the arrangement of subunits 
around the ion channel had no constraints (i.e. there could be 120 possible 
variants for a receptor composed of five different subunits). 

Receptor subtype assemblies wETcK "do e£st" include; amongst many" 
5 others, alp2y2, a2Pyl, a2p2/3y2, a3py2/3, <x4p5, a5p3y2/3, a6py2 and cc6p5. 
Subtype assemblies containing an otl subunit are present in most areas of 
the brain and are thought to account for over 40% of GABAa receptors in 
the rat. Subtype assemblies containing <x2 and a3 subunits respectively 
. are thought to account for about 25% and 17% of GABAa receptors in the 

10 rat. Subtype assemblies containing an cc5 subunit are expressed 
predominantly in the hippocampus and cortex and are thought to 
represent about 4% of GABAa receptors in the rat. 

A characteristic property of all known CxABAa receptors is the 
presence of a number of modulatory sites, one of which is the 

15 benzodiazepine (BZ) binding site. The BZ binding site is the most explored 
of the GABAa receptor modulatory sites, and is the site through which 
anxiolytic drugs such as diazepam and temazepam exert their effect. 
Before the cloning of the GABAa receptor gene family, the benzodiazepine 
binding site was historically subdivided into two subtypes, BZ1 and BZ2, 

20 on the basis of radioligand binding studies. The BZ1 subtype has been 

shown to be pharmacologically equivalent to a G AB Aa receptor comprising 
the al subunit in combination with a p subunit and y2. This is the most 
abundant GABAa receptor subtype, and is believed to represent almost 
half of all GABAa receptors in the brain. 

25 Two other major populations are the cc2py2 and a3py2/3 subtypes. 

Together these constitute approximately a further 35% of the total GABAa 
receptor repertoire. Pharmacologically this combination appears to be 
equivalent to the BZ2 subtype as defined previously by radioligand 
binding, although the BZ2 subtype may also include certain a5-containing 

30 subtype assemblies. The physiological role of these subtypes has hitherto 
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been unclear because no sufficiently selective agonists or antagonists were 
known. 

It is now believed that agents acting as BZ agonists at alpy2, a2py2 
or aSPyZ subtypes will possess desirable anSolytic properties. Compounds 
which are modulators of the benzodiazepine binding site of the GABAa 
receptor by acting as BZ agonists are referred to hereinafter as "GABAa 
receptor agonists". The al-selective GABAa receptor agonists alpidem and 
Zolpidem are clinically prescribed as hypnotic agents, suggesting that at 
least some of the sedation associated with known anxiolytic drugs which 
act at the BZ1 binding site is mediated through GABAa receptors 
containing the al subunit. Accordingly, it is considered that GABAa 
receptor agonists which interact more favourably with the a2 and/or oc3 
subunit than with al will be effective in the treatment of anxiety with a 
reduced propensity to cause sedation. Moreover, agents which are inverse 
agonists of the a5 subunit are likely to be beneficial in enhancing 
cognition, for example in subjects suffering from dementing conditions 
such as Alzheimer's disease. Also, agents which are antagonists or inverse 
agonists at al might be employed to reverse sedation or hypnosis caused 
by al agonists. 

The compounds of the present invention, being selective ligands for 
GABAa receptors, are therefore of use in the treatment and/or prevention 
of a variety of disorders of the central nervous system. Such disorders 
include anxiety disorders, such as panic disorder with or without 
agoraphobia, agoraphobia without history of panic disorder, animal and 
other phobias including social phobias, obsessive-compulsive disorder, 
stress disorders including post-traumatic and acute stress disorder, and 
generalized or substance-induced anxiety disorder; neuroses; convulsions; 
migraine; depressive or bipolar disorders, for example single-episode or 
recurrent major depressive disorder, dysthymic disorder, bipolar I and 
bipolar II manic disorders, and cyclothymic disorder; psychotic disorders 
including schizophrenia; neurodegeneration arising from cerebral 
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ischemia; attention deficit hyperactivity disorder; Tourette's syndrome; 
speech disorders, including stuttering; and disorders of circadian rhythm, 
e.g. in subjects suffering from the effects of jet lag or shift work. 

Further disorders for which Selective- ligands forGABAA-receptors 
may be of benefit include pain and nociception; emesis, including acute, 
delayed and anticipatory emesis, in particular emesis induced by 
chemotherapy or radiation, as weU as motion sickness, and post-operative 
nausea and vomiting; eating disorders including anorexia nervosa and 
b ulimi a nervosa; premenstrual syndrome; muscle spasm or spasticity, e.g. 
in paraplegic patients; hearing disorders, including tinnitus and age- 
related hearing impairment; urinary incontinence; and the effects of 
substance abuse or dependency, including alcohol withdrawal. Selective 
ligands for GABAa receptors may be beneficial in enhancing cognition, for 
example in subjects suffering from dementing conditions such as 
Alzheimer's disease; and may also be effective as pre-medication prior to 
anaesthesia or minor procedures such as endoscopy, including gastric 
endoscopy. 

In addition, the compounds in accordance with the present 
invention may be useful as radioligands in assays for detecting compounds 
capable of binding to the human GABAa receptor. 

WO 02/10170 describes a class of 3-phenyhmidazo[l,2-o]pyrazine 
derivatives which are stated to be selective ligands for GABAa receptors, 
in particular having high affinity for the <x2 and/or cc3 subunit thereof, and 
accordingly to be of benefit in the treatment and/or prevention of 
neurological disorders, including anxiety and convulsions. However, there 
is no disclosure nor any suggestion in that publication of therapeutic 
agents based on a 7-substituted imidazo[l,2-o]pyrazin-8-one ring system. 

The present invention provides a class of imidazo-pyrazinone 
derivatives which possess desirable binding properties at various GABAa 
receptor subtypes. The compounds in accordance with the present 
invention have good affinity as ligands for the a2 and/or a3 and/or ct5 
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subunit of the human GABAa receptor. The compounds of this invention 
may interact more favourably with the a2 and/or a3 subunit than with the 
al subunit; and/or may interact more favourably with the cc5 subunit than 



The compounds of the present invention are GABAa receptor 
subtype ligands having a binding affinity (Ki) for the a2 and/or oc3 and/or 
a5 subunit, as measured in the assay described hereinbelow, of 200 nM or 
less, typically of 100 nM or less, and ideally of 20 nM or less. The 
compounds in accordance with this invention may possess at least a 2-fold, 
suitably at least a 5-fold, and advantageously at least a 10-fold, selective 
affinity for the a2 and/or <x3 and/or <x5 subunit relative to the al subunit. 
However, compounds which are not selective in terms of their binding 
affinity for the a2 and/or a3 and/or a5 subunit relative to the al subunit 
are also encompassed within the scope of the present invention; such 
compounds will desirably exhibit functional selectivity in terms of zero or 
weak (positive or negative) efficacy at the al subunit and (i) a full or 
partial agonist profile at the a2 and/or a3 subunit, and/or (ii) an inverse 
agonist profile at the a5 subunit. 

The present invention provides a compound of formula I, or a 
pharmaceutical^ acceptable salt thereof: 



with the al subunit. 




Y-Z 



(D 



wherein 



-U-V- represents -CH=CH- or -CH2-CH2-; 
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Xi represents hydrogen, halogen, Cm alkyl, trifluoromethyl or Ci-e 
alkoxy; 

X 2 represents hydrogen or halogen; 

Y represents a chlmiicaTbwdran wsygen atom, or a -NH- or -OCH2- 
linkage; 

Z represents an optionally substituted aryl or heteroaryl group; 
Ri represents hydrocarbon, a heterocyclic group, trifluoromethyl, 
-S0 2 R a , -S02NR^R b , -COR a , -C02R a or -CONR a R b ; and 

R* and R b independently represent hydrogen, hydrocarbon or a 

heterocyclic group. 

The present invention also provides a compound of formula I as 
depicted above, or a pharmaceutical^ acceptable salt thereof, wherein 

-U-V- represents -CH=CH-; 

Y represents a chemical bond, an oxygen atom, or a -NH- linkage; 

and 

X 1 , X 2 , Z and R 1 are as defined above. 

The aryl or heteroaryl group Z in the compounds of formula I above 
may be unsubstituted, or substituted by one or more substituents. 
Typically, the group Z will be unsubstituted, or substituted by one or two 
substituents. Suitably, the group Z is unsubstituted or monosubstituted. 
Typical substituents on the group Z include halogen, cyano, nitro, Ci-s 
alkyl, hydroxy, Ci-e alkoxy, oxy, Ci-e alkylsulphonyl, amino, 
aminocarbonyl, formyl, C2-6 alkoxycarbonyl and -CR a =NOR b , wherein R a 
and R b are as defined above. 

For use in medicine, the salts of the compounds of formula I will be 
pharmaceutical^ acceptable salts. Other salts may, however, be useful in 
the preparation of the compounds according to the invention or of their 
pharmaceutical^ acceptable salts. Suitable pharmaceutically acceptable 
salts of the compounds of this invention include acid addition salts which 
may, for example, be formed by mixing a solution of the compound 
according to the invention with a solution of a pharmaceutically acceptable 
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acid such, as hydrochloric acid, sulphuric acid, methanesulphonic acid, 
fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid, oxalic 
acid, citric acid, tartaric acid, carbonic acid or phosphoric acid. 
Furthermore / where the compounds of the invention carry an acidic 
5 moiety, suitable pharmaceutical^ acceptable salts thereof may include 
allrali metal salts, e.g. sodium or potassium salts; alkaline earth metal 
salts, e.g. calcium or magnesium salts; and salts formed with suitable 
organic ligands, e.g. quaternary ammonium salts. 

The term "hydrocarbon" as used herein includes straight-chained, 

10 branched and cyclic groups containing up to 18 carbon atoms, suitably up 
to 15 carbon atoms, and conveniently up to 12 carbon atoms. Suitable 
hydrocarbon groups include Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 
cycloalkyl, C3-7 cycloalkyl(Ci.6)alkyl, indanyl, aryl and aryl(Ci-e) alkyl. 

The expression "a heterocyclic group" as used herein includes cyclic 

15 groups containing up to 18 carbon atoms and at least one heteroatom 

preferably selected from oxygen, nitrogen and sulphur. The heterocyclic 
group suitably contains up to 15 carbon atoms and conveniently up to 12 
carbon atoms, and is preferably linked through carbon. Examples of 
suitable heterocyclic groups include C3-7 heterocycloalkyl, C3-7 

20 heterocycloalkyl(Ci-6)alkyl, heteroaryl and heteroaryl(Ci-6) alkyl groups. 

Suitable alkyl groups include straight-chained and branched alkyl 
groups cont ainin g from 1 to 6 carbon atoms. Typical examples include 
methyl and ethyl groups, and straight-chained or branched propyl, butyl 
and pentyl groups. Particular alkyl groups are methyl, ethyl, n,-propyl, 

25 isopropyl, isobutyl, teri-butyl and 2,2-dimethylpropyl. Derived expressions 
such as "C1-6 alkoxy", "Ci-e alkylamino" and "Ci.e alkylsulphonyl" are to be 
construed accordingly. 

Suitable alkenyl groups include straight-chained and branched 
alkenyl groups containing from 2 to 6 carbon atoms. Typical examples 

30 ' include vinyl, allyl and dimethylallyl groups. 
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Suitable alkynyl groups include straight-chained and branched 
alkynyl groups cont ainin g from 2 to 6 carbon atoms. Typical examples 
include ethynyl and propargyl groups. 

Suitable cycToaD^I "groups include groups cont ainin g from 3 to 7 
carbon atoms. Particular cycloalkyl groups are cyclopropyl and cyclohexyl. 

Typical examples of C3-7 cycloalkyl(Ci-6)a]kyl groups include 
cyclopropylmethyl, cyclohexyhnethyl and cyclohexylethyl. 

Particular indanyl groups include indan-l-yl and indan-2-yl. 

Particular aryl groups include phenyl and naphthyl, preferably 
phenyl. 

Particular aryl(Ci-6)alkyl groups include benzyl, phenylethyl, 
phenylpropyl and naphthylmethyl. 

Suitable heterocycloalkyl groups include azetidinyl, pyrrolidinyl, 
piperidinyl, piperazinyl, morpholinyl and thiomorpholinyl groups. 

Suitable heteroaryl groups include pyridinyl, quinolinyl, 
isoquinolinyl, pyridazinyl, pyrimidinyl, pyrazinyl, furyl, benzofuryl, 
dibenzofuryl, thienyl, benzthienyl, pyrrolyl, indolyl, pyrazolyl, indazolyl, 
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazolyl, benzimidazolyl, 
oxadiazolyl, thiadiazolyl, triazolyl and tetrazolyl groups. 

The expression 'lieteroaryl(Ci-6)alkyr as used herein includes 
furylmethyl, furylethyl, thienylmethyl, thienylethyl, oxazolylmethyl, 
oxazolylethyl, thiazolylmethyl, thiazolylethyl, imidazolylmethyl, 
imidazolylethyl, oxadiazolylmethyl, oxadiazolylethyl, thiadiazolylmethyl, 
thiadiazolylethyl, triazolylmethyl, triazolylethyl, tetrazolylmethyl, 
tetrazolylethyl, pyridinylmethyl, pyridinylethyl, pyrimidinylmethyl, 
pyrazinylmethyl, quinolinylmethyl and isoquinolinylmethyl. 

The hydrocarbon and heterocyclic groups may in turn be optionally 
substituted by one or more groups selected from Ci-g alkyl, adamantyl, 
phenyl, halogen, Ci-e haloalkyl, Ci-g aminoalkyl, trifLuoromethyl, hydroxy, 
Ci-g alkoxy, aryloxy, keto, C1-3 alkylenedioxy, nitro, cyano, carboxy, C2-6 
alkoxycarbonyl, C2-6 alkoxycarbonyl(Ci-6)alkyl, C2-G alkylcarbonyloxy, 
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arylcarbonyloxy, aminocarbonyloxy, C2-6 alkylcarbonyl, arylcarbonyl, C1-6 
alkylthio, Ci-e alkylsulphinyl, C1-6 alkylsulphonyl, arylsulphonyl, -NR V R W , 
-NR v CORw, -KR V C02R W , -NR V S02R W , -CH 2 NR v S0 2 R w , -NHCONR v R w , 
-CONE v TKw, -SDaSTRvIfw aid .CH2SO2NRVRW ih wKcli^ and'Rw 

independently represent hydrogen, C1-6 alkyl, aryl or aryl(Ci-6)a!kyL 

The term "halogen" as used herein includes fluorine, chlorine, 
bromine and iodine, especially fluoro or chloro. 

Where the compounds according to the invention have at least one 
asymmetric centre, they may accordingly exist as enantiomers. Where the 
compounds according to the invention possess two or more asymmetric 
centres, they may additionally exist as diastereoisomers. It is to be 
understood that all such isomers and mixtures thereof in any proportion 
are encompassed within the scope of the present invention. 

In one embodiment of the compounds according to the present 
invention, -U-V- represents -CH=CH-. 

In another embodiment, -U-V- represents -CH2-CH2-. 

Suitable values for the X 1 substituent include hydrogen, fluoro, 
chloro, methyl, trifluoromethyl and methoxy; in particular hydrogen or 
fluoro; and especially fluoro. 

Suitably, X 1 represents halogen, Ci-e alkyl, trifluoromethyl or C1-6 
alkoxy. Typical values of X 1 include fluoro, chloro, methyl, trifluoromethyl 
and methoxy, especially fluoro. 

Typical values of X 2 include hydrogen and fluoro, especially 
hydrogen. 

In a preferred embodiment, Y represents a chemical bond. 

In an alternative embodiment, Y represents a -OCH2- linkage. 

In another embodiment, Y represents an oxygen atom. 

In a further embodiment, Y represents a -NH- linkage. 

Selected values for the substituent Z include phenyl, pyridinyl, 
pyridazinyl, pyrimidinyl, pyrazinyl, furyl, thienyl, oxazolyl, isoxazolyl, 
thiazolyl, isothiazolyl, pyrrolyl, pyrazolyl, imidazolyl, oxadiazolyl, 
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thiadiazolyl, triazolyl and tetrazolyl, any of which groups may be 
optionally substituted by one or more substituents. 

Particular values of Z include phenyl and triazolyl, either of which 
groups may be optionally substituted by one of mOfe substituents. 

In one favoured embodiment, Z represents an optionally substituted 
phenyl group, in particular monosubstituted or disubstituted phenyl. In 
another favoured embodiment, Z represents optionally substituted 
pyridinyl, especially unsubstituted, monosubstituted or disubstituted 
pyridin-2-yl, pyridin-3-yl or pyridin-4-yl. 

Examples of suitable substituents on the group Z include fluoro, 
chloro, cyano, nitro, methyl, hydroxy, methoxy, oxy, methanesulphonyl, 
amino, aminocarbonyl, formyl, methoxycarbonyl and -CH=NOH. 

Examples of typical substituents on the group Z include fluoro, 

chloro, cyano and methyl. 

Examples of particular substituents on the group Z include fluoro 

and cyano, especially cyano. 

Detailed values of Z include cyanophenyl, (cyano) (fluoro)phenyl, 
(chloro)(cyano)phenyl, nitrophenyl, methoxyphenyl, methanesulphonyl- 
phenyl, pyridinyl, fluoro-pyridinyl, difluoro-pyridinyl, 
(amino)(chloro)pyridinyl, cyano-pyridinyl, methyl-pyridinyl, hydroxy- 
pyridinyl, methoxy-pyridinyl, oxy-pyridinyl, aminocarbonyl-pyridinyl, 
pyridazinyl, pyrimidinyl, pyrazinyl, cyano-thienyl, aminocarbonyl-thienyl, 
formyl-thienyl, methoxycarbonyl-thienyl, thienyl-CH=NOH, thiazolyL 
isothiazolyl, pyrrdlyl, pyrazolyl, imidazolyl, triazolyl and methyl- 
tetrazolyl. Additionally, Z may represent methyl-triazolyl. 

Specific values of Z include cyanophenyl, (cyano) (fluoro)phenyl, 
pyridinyl, difluoro-pyridinyl and cyano-pyridinyL 

Individual values of Z include cyanophenyl, (cyano) (fluoro)phenyl, 
(chloro) (cyano)phenyl and methyl-triazolyl. 

In one embodiment, Z represents cyanophenyl, especially 
2-cyanophenyl. 
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In another embodiment, Z represents (cyano)(fluoro)phenyl, 
especially 2-cyano-4-£Luorophenyl. Alternative aspects of this embodiment 
include 2-cyano-5-fLuorophenyl, 2-cyano-6-fluorophenyl and 4-cyano-2- 
fludrbphenyl. 

In an additional embodiment, Z represents (chloro)(cyano)phenyl, 
especially 3-chloro-4-cyanophenyl. 

In a further embodiment, Z represents methyl-triazolyl, especially 
l-methyl-lia r -[l,2,33triazol-4-ylor2-methyl-2Jf-[l,2,4]triazol-3-yl. 

Typically, R 1 represents hydrocarbon, a heterocychc group, 
trifluoromethyl, -COR a or -COaR*. 

Typical values of R a include hydrogen and Ci-e alkyl. Suitably, R a 
represents hydrogen or methyl. 

Typical values of R b include hydrogen, Ci-e alkyl, hydroxy(Ci-6)alkyl 
and di(Ci- 6 )alkylamino(Ci-6)alkyl. Suitably, R b represents hydrogen, 
methyl, ethyl, hydroxyethyl or dimethylaminoethyl. Particular values of 
R b include hydrogen, hydroxyethyl and dimethylaminoethyl, especially 
hydrogen or dimethylaminoethyl. 

Suitable values of R 1 include Ci-e alkyl, halo(Ci-6)alkyl, 
dihalo(Ci. 6 )alkyl, hydroxy(Ci-6)alkyl, dihydroxy(Ci. 6 ) alkyl, 
Ci-e alkbxy(Ci-6)alkyl, di(Ci-6)alkoxy(Ci-6)alkyl, cyano(Ci-6)alkyl, C 2 -e 
alkoxycarbonyl(Ci-6)alkyl, C3-7 cycloalkyl, heteroaryl, Ci-e alkyl-heteroaryl, 
heteroaryl(C l -6)alkyl, trifluoromethyl, formyl, C2-6 alkylcarbonyl and C2-6 
alkoxycarbonyl. Additional values of R 1 include trihalo(Ci-6)alkyl and 
(Ci-6)alkyl-heteroaryl(Ci-6)alkyl. 

Representative values of R 1 include Ci- 6 alkyl, halo(Ci-6)alkyl, 
dihalo(Ci. 6 )alkyl, hydroxy(Ci. 6 )alkyl and trifluoromethyl. 

Particular values of R 1 include C1-6 alkyl, halo(Ci-6)alkyl, 
dihalo(Ci.6)alkyl, trihalo(Ci- 6 )alkyl, heteroaryl(Ci- 6 )alkyl and (Ci-6)alkyl- 
heteroaryl(Ci-6)alkyl. 

Individual values of R 1 include methyl, ethyl, fluoromethyl, 
difluoromethyl, hydroxymethyl, methoxymethyl, dimethoxymethyl, 
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hydroxyethyl (especially 2-hydroxy ethyl), fluoroethyl (especially 
2-fluoroethyl), difluoroetliyl (especially 2,2-difluoroethyl), dimethoxyethyl 
(especially 2,2-dimethoxyethyl), isopropyl, hydroxypropyl (especially 
2"-lfyaf6^pf6p-2-yl), d^ycirOXyprapyl (especially-^ 
5 fluoropropyl (especially 2-fluoroprop-2-yl), cyanopropyl (especially 2- 
cyanoprop-2-yl), methoxycarbonylpropyl (especially 2- 
methoxycarbonylprop-2-yl), tert-butyl, hydroxybutyl (especially 1-hydroxy- 
2-methylprop-2-yl), cyclopropyl, pyridinyl, furyl, thienyl, oxazolyl, 
methylthiazolyl, methyloxadiazolyl, i m i dazolylmethyl, triazolylmethyl, 

10 trifluoromethyl, formyl, acetyl and methoxycarbonyl. Additional values of 
R 1 include trifluoroethyl (especially 2,2,2-trifluoroethyl), methyl- 
triazolylmethyl (especially 2-methyl-2i?"-[l,2,4]triazol-3-ylmetliyl) and 
pyxidinylmethyl (especially pyridin-2-ylmethyl). 

Specific values of R 1 include methyl, ethyl, fluoroethyl (especially 2- 

15 fluoroethyl), difluoroethyl (especially 2,2-difluoroethyl), trifluoroethyl 
(especially 2,2,2-trifluoroethyl), isopropyl, methyl-triazolylmethyl 
(especially 2-methyl~2i?"- [1,2,4] triazol-3-ylmethyl) and pyridinylmethyl 
(especially pyridin-2-yhnethyl). 

In a first embodiment, R 1 represents methyl. In a second 

20 embodiment, R 1 represents ethyl. In a third embodiment, R 1 represents 
fluoroethyl (especially 2-fluoroethyl). In a fourth embodiment, R 1 
represents difluoroethyl (especially 2,2-difluoroethyl). In a fifth 
embodiment, R 1 represents trifluoroethyl (especially 2,2,2-trifluoroethyl). 
In a sixth embodiment, R 1 represents isopropyl. In a seventh embodiment, 

25 R 1 represents methyl-triazolylmethyl (especially 2-methyl-22T- 

[l,2,4]triazol-3-ylmethyl). In an eighth embodiment, R 1 represents 
pyridinylmethyl (especially pyridin-2-ylmethyl). In a favoured 
embodiment, R 1 represents 2-hydroxyprop-2-yl. In another embodiment, 
R 1 represents 2-fluoroprop-2-yl. In an additional embodiment, R 1 

30 represents trifluoromethyl. 
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A particular sub-class of compounds according to the invention is 
represented by the compounds of formula IIA, and pharmaceutically 
acceptable salts thereof: 




(IIA) 



wherein 

U, V and Z are as defined above; 

X 11 represents hydrogen, fluoro, chloro, methyl, trifluoromethyl or 
10 methoxy; 

X 12 represents hydrogen or fluoro; and 
Ru represents Ci-s alkyl, halo(Ci-6)aIkyl, oUhalo(Ci-6)alkyl, • 
trihalo(Ci-6)alkyl, hydroxy (Ci-g) alkyl, dihydroxy(Ci-6) alkyl, 
Ci-s alkoxy(Ci-6)aIkyl, di(Ci-6)alkoxy(Ci-6)alkyl, cyano(Ci-6)alkyl, C2-6 
15 alkoxycarbonyl(Ci- 6 )alkyl, C3-7 cycloalkyl, heteroaryl, Ci-e alkyl-heteroaryl, 
heteroaryl(Ci-6)aIkyl, (Ci-6)alkyl-heteroaryl(Ci-6)alkyl, trifluoromethyl, 
formyl, C2-6 alkylcarbonyl or C2.6 alkoxycarbonyl. 

The present invention also provides a compound of formula IIA as 
depicted above, or a pharmaceutically acceptable salt thereof, wherein 
20 -U-V- represents -CH=CH-; 

ru represents Ci-e alkyl, halo(Ci-6)alkyl, dihalo(Ci-6)alkyl, 
hydroxy(Ci. 6 )alkyl, dihydroxy(Ci-c)alkyl, Ci-e alkoxy(Ci-6)alkyl, 
di(Ci-6)alkoxy(Ci-6)alkyl, cyano(Ci- 6 )alkyl, C2-6 alkoxycarbonyl(Ci. 6 )alkyl, 
C3-7 cycloalkyl, heteroaryl, Ci-g alkyl-heteroaryl, heteroaryl(Ci-6)alkyl, 
25 trifluoromethyl, formyl, C2-6 alkylcarbonyl or C2-6 alkoxycarbonyl; and 
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C 

Z, X 11 and X 12 are as defined above. 

Suitable values of X 11 include hydrogen and fluoro, especially fluoro. 

Typical values of X 11 include fluoro, cbloro, metbyl, trifiuoromethyl 
and methoxy. 
5 A particular value of X u is fluoro. 

In a favoured embodiment, X 12 represents hydrogen. In another 
embodiment, X 12 represents fluoro. 

Where R 11 represents heteroaryl, this group is suitably pyridinyl, 
furyl, thienyl or oxazolyl. 
10 Where R 11 represents Ci-6 alkyl-heteroaryl, this group is suitably 

methylthiazolyl (e.g. 2-methylthiazol-5-yl) or methyloxadiazolyl (e.g. 3- 
methyl-[l,2,4]oxadiazol-5-yl). 

Where R 11 represents heteroaryl(Ci. 6 )aIkyl, this group is suitably 
imidazolylmethyl or triazolylmethyl. Additionally, the 
15 heteroaryl(Ci-6)alkyl group R 11 may be pyridinylmethyl. 

Representative values of R 11 include Ci- 6 alkyl, halo(C 1 -6)aIkyl, 
dihalo(Ci-6)alkyl, hydroxy(Ci. 6 )alkyl and trifiuoromethyl. 

Particular values of R u include Ci-e alkyl, halo(Ci-6)alkyl, 
dihalo(Ci- 6 )aIkyl, trihalo(Ci- 6 )aIkyi, heteroaryl(Ci. 6 )alkyl and (Ci- 6 )alkyl- 
20 heteroaryl(Ci-6)aIkyl. 

Individual values of R 11 include methyl, ethyl, fluoromethyl, 
difluoromethyl, hydroxymethyl, methoxymethyl, dimethoxymethyl, 
hydroxyethyl (especially 2-hydroxyethyl), fluoroethyl (especially 
2-fluoroethyl), difluoroethyl (especially 2,2-difluoroethyl), dimethoxyethyl 
25 (especially 2,2-dimethoxyethyl), isopropyl, hydroxypropyl (especially 

2-hydroxyprop-2-yl), dihydroxypropyl (especially l,2-dihydroxyprop-2-yl), 
fluoropropyl (especially 2-fLuoroprop-2-yl), cyanopropyl (especially 2- 
cyanoprop-2-yl), methoxycarbonylpropyl (especially 2- 
methoxycarbonylprop-2-yl), iert-butyl, hydroxybutyl (especially 1-hydroxy- 
30 2-methylprop-2-yl), cyclopropyl, pyridinyl, furyl, thienyl, oxazolyl, 

methylthiazolyl, methyloxadiazolyl, imidazolylmethyl, triazolylmethyl, 
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trifluoromethyl, formyl, acetyl and methoxycarbonyl. Additional values of 
R 11 include trifluoroethyl (especially 2,2,2-triiluoroethyl), methyl- 
triazolylmethyl (especially 2-methyl-2U r -[l,2,4]triazol-3-ylmetliyl) and 
pyxidinylmefliyl "(especially p^iam-2"-ylmethyl). 
5 Specific values of R 11 include methyl, ethyl, fluoroethyl (especially 2- 

fluoroethyl), difluoroethyl (especially 2,2-difluoroethyl), trifluoroethyl 
(especially 2,2,2-trifluoroethyl), isopropyl, methyl-triazolylmethyl 
(especially 2-methyl-2i^[l,2,4]triazol-3-ylmetliyl) and pyridinylmethyl 
(especially pyridin-2-ylmethyl) . 

10 In a first embodiment, R u represents methyl. In a second 

embodiment, R 11 represents ethyl. In a third embodiment, R 11 represents 
fLuoroethyl (especially 2-fLuoroethyl). In a fourth embodiment, R 11 
represents difluoroethyl (especially 2,2-difluoroethyl). In a fifth 
embodiment, R 11 represents trifluoroethyl (especially 2,2,2-trifluoroethyl). 

15 In a sixth embodiment, R 11 represents isopropyl. In a seventh 

embodiment, R 11 represents methyl-triazolylmethyl (especially 2-methyl- 
2iJ-[l,2,4]triazol-3-ylmethyl). In an eighth embodiment, R 11 represents 
pyridinylmethyl. (especially pyridin-2-ylmethyl). In a favoured 
embodiment, R 11 represents 2-hydroxyprop-2-yl. In another embodiment, 

20 R n represents 2-fluoroprop-2-yL In an additional embodiment, R n 
represents trifluoromethyl. 

One representative subset of the compounds of formula IIA above is 
represented by the compounds of formula IIB, and pharmaceutical^ 
acceptable salts thereof: 

25 
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CUB) 

wherein U, V, X 11 , X 12 and R u are as defined above; and 
R 2 represents hydrogen or fluoro. 
5 In one embodiment, R 2 is hydrogen. 

In another embodiment, R 2 is fluoro, in which case the fluorine atom 
R 2 is favourably attached to the phenyl ring at the 4-, 5- or 6-position 
(relative to the cyano group at position 2). 

Another representative subset of the compounds of formula IIA 
10 above is represented by the compounds of formula IIC, and 
pharmaceutically acceptable salts thereof: 



O 




QIC) 

15 * wherein U, V, X 11 , X 12 and R 11 are as defined above; and 
R 3 represents hydrogen, fluoro, cyano or methyL 
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In one embodiment, R 3 is hydrogen. 

In an additional embodiment, R 3 is fluoro. 

In another embodiment, R 3 is cyano. 

In a further embodiment, R 3 is methyl. 
5 A further representative subset of the compounds of formula IIA 

above is represented by the compounds of formula IID, and 
pharmaceutically acceptable salts thereof: 



O 




(DD) 

10 

wherein U, V, X 11 , X 12 , R 3 and R 11 are as defined above; and 

R 4 represents hydrogen or fluoro. 

Suitably, R 4 represents hydrogen. 

In another embodiment, R 4 represents fluoro. 
15 The present invention also provides a compound of formula IIB, IIC 

or IID as depicted above, or a pharmaceutically acceptable salt thereof, 
wherein 

-U-V- represents -CH=CH-; and 

X 11 , X 12 , R 2 , R 3 , R 4 and R 11 are as defined above. 
20 Specific compounds within the scope of the present invention 

include: 

2'-fluoro-5'-(7-methyl-8-oxo-7,8-d 
biphenyl-2-carbonitrile; 
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5'-(7-ethyl-8-oxo-7,8-dihydroimidazo[l,2-a]pyraziii-3-yl)-2'-fluorobiphenyl- 

2- carbonitrile; 

2'-£luoro-5'-[7-(2-fluoroethyl)-8-oxo-7,8-dihydroiiaidazo[l,2-a]pyrazin-3- 

yi]biphenyl-2-cafbonitrile; 
5 5'47<2,2-difluoroetbyl)-8-oxo-7,8-dihydroimida2X)[l,2-a]pyrazin-3-yl]-2'- 

£Luorobiphenyl-2-carbojxLtrile; 

4,2'-difluoro-5'<7-metbyl-8-oxo-73-dihydroimidazo[l,2-a]pyrazin-3-yl)- 
bipbenyl-2-carboiiitrile; 

4,2'-difluoro-5'<7-etbyl-8-oxo-7,8-dibydxoimidazo[l,2-a]pyrazin-3-yl)- 

10 bipbenyl-2-carbonitrile; 

4,2'-(iifluoro-5'-[7K2,2-dmuoroethyl)-8-oxo-7,8-dibydroimidazo[l,2- 

a]pyrazin-3-yl]bipbenyl-2-carbonitrile; 

4,2'-difluoro-5'-[7Kl-methylethyl)-8-oxo-7,8-dihy(b:oimidazo[l,2-a]pyraziii- 

3- yl]biphenyl-2-carbonitrile ; 

15 3-cmoro-2'-£luoro-5'-(7-methyl-8-oxo-7,8-dibydroimidazo[l J 2-a]pyrazm-3- 

yl)bipbenyl-4-carbonitrile; 

4,2'-dMuoro-5'47-(2-£luoroethyl)-8-oxo-73-dibydroiinidazo[l,2-a]pyrazin-3- 
yl]bipbenyl-2-carbonitrile; 

4'-fluoro-3'-(7-metbyl-8-oxo-7,8-dibydxoiinidazo[l J 2-a]pyrazin-3-yl)- 

20 bipbenyl-2-carbonitrile; 

5'-fluoro-3'-(7-methyl-8-oxo-7,8-dibydroiinidazo[l,2-a]pyTazin-3-yl)- 

bipbenyl-2-carbonitrile; 

2,2'-difluoro-5'<7-metbyl-8-oxo-7,8-dihydroimidazo[l,2-a]pyrazin-^ 

bipbenyl-4-caxbonitrile; 
25 4,2'-di£luoro-5'47-(2,2,2-trifluoroethyl)-8-oxo-7,8-dibydroimidazo[l J 2- 

a]pyrazin-3-yl]biphenyl-2-carboiiitrile; 

4,2'-difluoro-5'-[7-(2-metbyl-2fl"-[l,2,4]triazol-3-yhiLetbyl)-8-oxo-7 > 8- 
dibydroimidazo[l,2-a]p3rrazin-3-yl]bipbenyl-2-carboiutrile; 
3-[4-fluoro-3<l-metbyl-lJ?-[l,2,3]tariazol-4-ylmethoxy)pbenyl]-7-metbyl- 
30 7i?-imidazo[l,2-a]pyrazin-8-one; 
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3- [4-fluoro-3-(2-methyl-2iI- [l,2,4]triazol-3-ylmethoxy)phenyl] -7-methyl- 
7fi"-imidazo[l,2-a]pyrazin-8-one; 
7-ethyl-344-nuoro-3-(2-methyl-2#-[l,2,4]tri 
imidazo[l,2-a]pyrazin-8-orie; 
5 4,2'-difluoro-5'-[8-oxo-7-(pyrid^ 

a]pyrazm-3-yl)biphenyl-2-carbonitrile; 

4,2'-difluoro-5'-(7-methyl-8-oxo-5,6J,8-tetrahydroimidazo[l,2-a]pyrazin-3- 
yl)biphenyl-2-carbonitrile; 

4,2'-difluoro-5'<7-etbyl-8-oxo-5,6,7,8-tetrahydroimidazo[l,2-a]pyrazin-3- 

10 yl)biphenyl-2-carbonitrile; 

5,2'-di£luoro-5'-(7-etbyl-8-oxo-5,6J,8-tetrahydroiinidazo[l,2-a]pyrazin-3- 

yl)biphenyl-2-carbonitrile; 

6,2'-di£luoro-5'-(7-ethyl-8-oxo-5,6J,8-tetraby(iroiinidazo[l,2-a]pyrazin-3- 

yl)biphenyl-2-carbonitrile; 
15 e^'-cimuoro-S'^V-metbyl-S-oxo^.S-dibydroimidazoLl^-alpyrazin-S-yl)- 

biphenyl-2-carbonitrile; 

6,2'-difluoro-5'-(7-ethyl-8-oxo-7,8-dihydroimidazo[l,2-a]pyrazin-3-yl)- 
biphenyl-2-carbonitrile; 

5,2'-dmuoro-5'K7-methyl-8-oxo-5,6,73-tetrahydroiinidazo[l,2-a]pyraziii-3- 

20 yl)biphenyl-2-carbonitrile; 

4,2'-dmuoro-5'-[8-oxo-7-(pyridm-2-ybnetbyl)-5,6 ) 7,8-tetrahydro- 
imidazo[l,2-a]pyrazin-3-yl)bipb.enyl-2-carbonitrile; 

6,2'-difluoro-5'<7-methyl-8-oxo-5,6J,8-tetraJbydroimidazo[l,2-a]pyrazin-3- 
yl)biphenyl-2-carbonitrile; 

25 and pharmaceutically acceptable salts thereof. 

Also provided by the present invention is. a method for the 
treatment and/or prevention of anxiety which comprises administering to 
a patient in need of such treatment an effective, amount of a compound of 
formula I as defined above or a pharmaceutically acceptable salt thereof. 

30 Further provided by the present invention is a method for the 

treatment and/or prevention of convulsions (e.g. in a patient suffering from 



-20- 



T1567PV2 



epilepsy or a related disorder) which comprises a dmini stering to a patient 
in need of such treatment an effective amount of a compound of formula I 
as defined above or a pharmaceutical^ acceptable salt thereof. 

The Binding affinit y (Ki) of the compounds' according to the present 
invention for the a3 subunit of the human GABAa receptor is conveniently 
as measured in the assay described hereinbelow. The oc3 subunit binding 
affinity (Ki) of the anxiolytic compounds of the invention is ideally 50 nM 
or less, preferably 10 nM or less, and more preferably 5 nM or less. 

The anxiolytic compounds according to the present invention will 
ideally elicit at least a 40%, preferably at least a 50%, and more preferably 
at least a 60%, potentiation of the GABA EC20 response in stably 
transfected recombinant cell lines expressing the a3 subunit of the human 
GABAa receptor. Moreover, the compounds of the invention will ideally 
elicit at most a 30%, preferably at most a 20%, and more preferably at 
most a 10%, potentiation of the GABA EC 2 o response in stably transfected 
recombinant cell lines expressing the al subunit of the human GABAa 
receptor. 

The potentiation of the GABA EC20 response in stably transfected 
cell lines expressing the ot3 and al subunits of the human GABAa receptor 
can conveniently be measured by procedures analogous to the protocol 
described in Wafford et al., Mol. Pharmacol., 1996, 50, 670-678. The 
procedure will suitably be carried out utilising cultures of stably 
transfected eukaryotic cells, typically of stably transfected mouse Ltk- 
fibroblast cells. 

The compounds according to the present invention may exhibit 
anxiolytic activity, as may be demonstrated by a positive response in the 
elevated plus maze and conditioned suppression of drinking tests (cf. 
Dawson et al., Psychopharmacology, 1995, 121, 109-117). Moreover, the 
compounds of the invention are likely to be substantially non-sedating, as 
may be confirmed by an appropriate result obtained from the response 
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sensitivity (chain-pulling) test (cf. Bayley et ah, J. Psychopharmacol., 
1996, 10, 206-213). 

The compounds according to the present invention may also exhibit 
anticonvulsant activity. This can be demonstrated by the ability to block 
pentylenetetrazole-induced seizures in rats and mice, following a protocol 
analogous to that described by Bristow et al. in J. Pharmacol. Exp. Ther., 

1996, 279, 492-501. 

In another aspect, the present invention provides a method for the 
treatment and/or prevention of cognitive disorders, including dementing 
conditions such as Alzheimer's disease, which comprises aolministering to 
a patient in need of such treatment an effective amount of a compound of 
formula I as defined above or a pharmaceutically acceptable salt thereof. 

Cognition enhancement can be shown by testing the compounds in 
the Morris watermaze as reported by McNamara and Skelton, 
Psychobiology, 1993, 21, 101-108. Further details of relevant methodology 
are described in WO 96/25948. 

Cognitive disorders for which the compounds of the present 
invention may be of benefit include delirium, dementia, amnestic 
disorders, and cognition deficits, including age-related memory deficits, 
due to traumatic injury, stroke, Parkinson's disease and Down Syndrome. 
Any of these conditions may be attributable to substance abuse or 
withdrawal. Examples of dementia include dementia of the Alzheimer's 
type with early or late onset, and vascular dementia, any of which may be 
uncomplicated or accompanied by delirium, delusions or depressed mood; 
and dementia due to HTV disease, head trauma, Parkinson's disease or 
Creutzfeld-Jakob disease. 

In order to elicit their behavioural effects, the compounds of the 
invention will ideally be brain-penetrant; in other words, these compounds 
will be capable of crossing the so-called "blood-brain barrier". Preferably, 
the compounds of the invention will be capable of exerting their beneficial 
therapeutic action following administration by the oral route. 
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The invention also provides pharmaceutical compositions 
comprising one or more compounds of this invention in association with a 
pharmaceutical^ acceptable carrier. Preferably these compositions are in 
unit dosage forms such as tablets, pills, capsules, powders, granules, 
5 sterile parenteral solutions or suspensions, metered aerosol or liquid 

sprays, drops, ampoules, auto-injector devices or suppositories; for oral, 
parenteral, intranasal, sublingual or rectal administration, or for 
administration by inhalation or insufflation. For preparing solid 
compositions such as tablets, the principal active ingredient is mixed with 

10 a pharmaceutical carrier, e.g. conventional tableting ingredients such as 
corn starch, lactose, sucrose, sorbitol, talc, stearic acid, magnesium 
stearate, dicalcium phosphate or gums, and other pharmaceutical 
diluents, e.g. water, to form a solid preformulation composition containing 
a homogeneous mixture of a compound of the present invention, or a 

15 pharmaceutical^ acceptable salt thereof. When referring to these 

preformulation compositions as homogeneous, it is meant that the active 
ingredient is dispersed evenly throughout the composition so that the 
composition may be readily subdivided into equally effective unit dosage 
forms such as tablets, pills and capsules. This solid preformulation 

20 composition is then subdivided into unit dosage forms of the type described 
above cont ainin g from 0.1 to about 500 mg of the active ingredient of the 
present invention. Typical unit dosage forms contain from 1 to 100 mg, for 
example 1, 2, 5, 10, 25, 50 or 100 mg, of the active ingredient. The tablets 
or pills of the novel composition can be coated or otherwise compounded to 

25 provide a dosage form affording the advantage of prolonged action. For 
example, the tablet or pill can comprise an inner dosage and an outer 
dosage component, the latter being in the form of an envelope over the 
former. The two components can be separated by an enteric layer which 
serves to resist disintegration in the stomach and permits the inner 

30 component to pass intact into the duodenum or to be delayed in release. A 
variety of materials can be used for such enteric layers or coatings, such 
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materials including a number of polymeric' acids and mixtures of polymeric 
acids with such materials as shellac, cetyl alcohol and cellulose acetate. 

The liquid forms in which the novel compositions of the present 
invention may Be mcorporated for administration orally or by injection 
include aqueous solutions, suitably flavoured syrups, aqueous or oil 
suspensions, and flavoured emulsions with edible oils such as cottonseed 
oil, sesame oil, coconut oil or peanut oil, as well as elixirs and similar 
pharmaceutical vehicles. Suitable dispersing or suspending agents for 
aqueous suspensions include synthetic and natural gums such as 
tragacanth, acacia, alginate, dextran, sodium carboxymethylceUulose, 
methylcellulose, polyvinylpyrrolidone or gelatin. 

In the treatment of neurological disorders, a suitable dosage level is 
about 0.01 to 250 mg/kg per day, preferably about 0.05 to 100 mg/kg per 
day, and especially about 0.05 to 5 mg/kg per day. The compounds may be 
administered on a regimen of 1 to 4 times per day. 

The compounds in accordance with the present invention may be 
prepared by a process which comprises attachment of the R 1 moiety to a 
compound of formula III: 



wherein U, V, X 1 , X 2 , Y and Z are as defined above; by conventional 
alkylation or acylation methods. 

For instance, where R 1 in the compounds of formula I above 
represents an optionally substituted Ci-e alkyl group, the moiety R 1 may 



O 




Oil) 
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be attached by treating the appropriate compound of formula III with a 
suitable alkyl halide, e.g. iodomethane, iodoethane, l-bromo-2- 
fluoroethane, 2-bromo-l,l-difluoroethane, l-iodo-2,2,2-trifluoroethane or 2- 
bromopropane, typically in f fie presence of a base such as sodium hydride. 
5 Similarly, where R 1 represents an optionally substituted 

heteroaryl(Ci-6)alkyl group, the moiety R 1 may be attached by reacting the 
appropriate compound of formula III with a suitable alkylating agent, e.g. 
3-chloromethyl-2-methyl-2iif-[l > 2,4]triazole or 2-chloromethylpyridine, 
typically in the presence of a base such as sodium hydride. Alternatively, 

10 where R 1 in the compounds of formula I above represents methyl, the 

methyl group R 1 may be attached by treating the appropriate compound of 
formula III with a strong base such as hexamethyldisilazane, followed by 
cUoro(cMoromethyl)dimethylsilane; and subsequently treating the 
compound thereby obt aine d with cesium fluoride. 

15 Except where X 1 and X 2 both simultaneously represent hydrogen, 

the compounds of formula III above are novel compounds and represent a 
further feature of the present invention. 

The compounds of formula III may suitably be prepared from the 
appropriate methoxy-substituted compound of formula IV: 

20 




wherein U, V, X 1 , X 2 , Y and Z are as defined above; by treatment with 
hydrogen bromide, typically in acetic acid. 
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In another procedure, the compounds in accordance with the 
present invention may be prepared by a process which comprises reacting 
a compound of formula V with a compound of formula VT: 




(V) 



(VI) 



whereinU, V, X 1 , X 2 , Y, Z and R 1 are as defined above, L 1 represents a 
suitable leaving group, and M 1 represents a boronic acid moiety -B(OH)2 or 
a cyclic ester thereof formed with an organic diol, e.g. pinacol, 1,3- 
propanediol or neopentyl glycol, or M 1 represents -Sn(Alk) 3 in which Alk 
represents a Ci-e alkyl group, typically rc-butyl; in the presence of a 
transition metal catalyst. 

The leaving group L 1 is typically a halogen atom, e.g. bromo. 

The transition metal catalyst of use in the reaction between 
compounds V and VI is suitably palladium(II) acetate, in which case the 
reaction is typically accomplished in the presence of triphenylphosphine. 
The reaction is conveniently carried out at an elevated temperature in a 
solvent such as 1,4-dioxane, typically in the presence of sodium carbonate. 

The intermediates of formula V may be prepared by attaching the 
R l moiety to a compound of formula VII: 




(VII) 
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wherein U, V and L 1 are as defined above; under conditions analogous to 
those described above for attachment of the R* moiety to a compound of 
formula HI. 

The intermediates of formula W may be prepared from the 
appropriate methoxy-substituted precursor of formula VIII: 




(VIII) 

wherein U, V and U are as defined above; by treatment with hydrogen 
bromide, typically in acetic acid. 

In a further procedure, the compounds in accordance with the 
present invention may be prepared by a process which comprises reacting 
a compound of formula IX with a compound of formula X: 





— Z 



wherein U, V, X* X*. Y, Z, R* and V are as defined above; in the presence 
of a transition metal catalyst. 

The transition metal catalyst of use in the reaction between 
compounds IX and X is suitably paUadiumdD acetate, in which case the 
reaction is typically accomplished in the presence of triphenylphosphine. 
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The reaction is conveniently carried out at an elevated temperature in a 
solvent such, as iV,2V-dimethylacetamide, typically in the presence of 
potassium acetate. 

The intermediates of formula III, TV, V, VH, VIII and IX wherein 
-U-V- represents -CH2-CH2- may he prepared from the corresponding 
compound wherein -U-V- represents -CH=CH- by catalytic hydrogenation. 

The compounds of formula IV, VI, VIII, IX and X may conveniently 
be prepared by the procedures described in WO 02/10170, or by methods 
analogous thereto. 

It will be understood that any compound of formula I initially 
obtained from any of the above processes may, where appropriate, 
subsequently be elaborated into a further compound of formula I by 
techniques known from the art. For example, a compound of formula I 
wherein R 1 represents -C(0-AIk 1 )2R a initially obtained, wherein Alt 1 is 
C1-6 alkyh typically methyl or ethyl, may be converted into the 
corresponding compound of formula I wherein R 1 represents -COR a by 
hydrolysis with a mineral acid, typically aqueous hydrochloric acid. A 
compound wherein R 1 represents formyl may be reduced with sodium 
triacetoxyborohydride to the corresponding compound wherein R 1 
represents hydroxymethyl. A compound of formula I wherein R 1 
represents C2-6 alkoxycarbonyl may be reduced with Uthium aluminium 
hydride to the corresponding compound of formula I wherein R 1 represents 
hydroxymethyl. A compound of formula I wherein R 1 represents 
hydroxymethyl may be oxidised to the corresponding compound of formula 
I wherein R 1 represents formyl by treatment with manganese dioxide. 
Alternatively, the compound of formula I wherein R 1 represents formyl 
may be reacted with a Grignard reagent of formula R a MgBr to afford a 
compound of formula I wherein R 1 represents -CH(OH)R a , and this 
compound may in turn be oxidised using manganese dioxide to the 
corresponding compound of formula I wherein R 1 represents -COR a . A 
compound of formula I wherein R 1 represents -CH(OH)R a may be 
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converted into the corresponding compound of formula I wherein R 1 
represents -CHFR a by treatment with (diethyls m ino)sulfur trifluoride 
(DAST). Similarly, a compound of formula I wherein R 1 represents «COR a 
may be converted into the corresponding compound of formula I wherein 
5 R 1 represents -CF2R a by treatment with DAST. A compound of formula I 
wherein R 1 represents -COCHs may be treated with thioacetamide in the 
presence of pyridinium tribromide to furnish the corresponding compound 
of formula I wherein R 1 represents 2-methylthiazol-5-yL Moreover, a 
compound of formula I wherein R 1 is formyl may be treated with (p- 

10 tolylsulfonyl)methyl isocyanide (TosMIC) in the presence of potassium 
carbonate to afford the corresponding compound of formula I wherein R 1 
represents oxazol-5-yl. A compound of formula I wherein R 1 represents 
hydroxymethyl may be treated with carbon tetrabromide and 
triphenylphosphine to afford the corresponding compound of formula I 

15 wherein R 1 represents bromomethyl, which may then be reacted (typically 
in situ) with the sodium salt of imidazole or li7-[l,2,4]triazole to provide a 
compound of formula I wherein R 1 represents imidazol-l-ylmethyl or 
[l,2,4]triazol-l-ylmethyl respectively; or with the sodium salt of 1H- 
[l,2,3]triazole to provide a mixture of compounds of formula I wherein R 1 

20 represents [l,2,3]triazol-l-ylmethyl and [l,2,3]triazol-2-ylmethyl; or with 
morpholine to provide a compound of formula I wherein R 1 represents 
morpholin-4-ylmethyl. A compound of formula I wherein Z is substituted 
with methoxy may be converted to the corresponding compound wherein Z 
is substituted with hydroxy by treatment with boron tribromide. A 

25 compound of formula I wherein -U-V- represents -CH=CH- may be 

converted into the corresponding compound wherein -U-V- represents 
-CH2-CH2- by catalytic hydro genation. 

Where a mixture of products is obtained from any of the processes 
described above for the preparation of compounds according to the 

30 invention, the desired product can be separated therefrom at an 

appropriate stage by conventional methods such as preparative HPLC; or 
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column chromatography utilising, for example, silica and/or alumina in 
conjunction with an appropriate solvent system. 

Where the above-described processes for the preparation of the 
compounds according to the invention give rise to mixtures of 
5 stereoisomers, these isomers may be separated by conventional techniques 
such as preparative chromatography. The novel compounds may be 
prepared in racemic form, or individual enantiomers may be prepared 
either by enantiospecific synthesis or by resolution. The novel compounds 
may, for example, be resolved into their component enantiomers by 

10 standard techniques such as preparative HPLC, or the formation of 

diastereomeric pairs by salt formation with an optically active acid, such 
as (-)-di-j>-toluoyl-d-tartaric acid and/or (+)-di-p-toluoyl-l-tartaric acid, 
followed by fractional crystallization and regeneration of the free base. 
The novel compounds may also be resolved by formation of diastereomeric 

15 esters or amides, followed by chromatographic separation and removal of 
the chiral auxiliary. 

During any of the above synthetic sequences it may be necessary 
and/or desirable to protect sensitive or reactive groups on any of the 
molecules concerned. This may be achieved by means of conventional 

20 protecting groups, such as those described in Protective Groups in Organic 
Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and T.W. Greene & 
P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons, 
3rd edition, 1999. The protecting groups may be removed at a convenient 
subsequent stage using methods known from the art. 

25 The following Examples illustrate the preparation of compounds 

according to the invention. 

The compounds in accordance with this invention potently inhibit 
the binding of [ 3 H]-flumazenil to the benzodiazepine binding site of human 
GABAa receptors cont ainin g the a2 and/or a3 and/or a5 subunit stably 

30 expressed in Ltk- cells. 
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C 

Reagents 

• Phosphate buffered saline (PBS). 

• Assay buffer: 10 roM KH2PO4, 100 mM KC1, pH 7.4 at room temperature. 

• Pm-Flumazenil (18 nM for aip3y2~ cells; 18 nM for a2p3y2 cells; 10 nM 
5 for a3p3y2 cells; 10 nM for a5{33y2 cells) in assay buffer. 

• Flunitrazepam 100 pM in assay buffer. 

• Cells resuspended in assay buffer (1 tray to 10 ml). 

Harvesting Cells 

10 Supernatant is removed from cells. PBS (approximately 20 ml) is 

added. The cells are scraped and placed in a 50 ml centrifuge tube. The 
procedure is repeated with a further 10 ml of PBS to ensure that most of 
the cells are removed. The cells are pelleted by centrifuging for 20 min at 
3000 rpm in a benchtop centrifuge, and then frozen if desired. The pellets 

15 are resuspended in 10 ml of buffer per tray (25 cm x 25 cm) of cells. 

Assay 

Can be carried out in deep 96-well plates or in tubes. Each tube 
contains: 
20 • 300 jol of assay buffer. 

• 50 ^1 of [ 3 H]-flumazenil (final concentration for <xl(33y2: 1.8 nM; for 
<x2p3y2: 1.8 nM; for a3p3y2: 1.0 nM; for cc5p3y2: 1.0 nM). 

• 50 pi of buffer or solvent carrier (e.g. 10% DMSO) if compounds are 
dissolved in 10% DMSO (total); test compound or flunitrazepam (to 

25 determine non-specific binding), 10 jjM final concentration. 

• 100 pi of cells. 

Assays are incubated for 1 hour at 40°C, then filtered using either a 
Tomtec or Brandel cell harvester onto GF/B filters followed by 3 x 3 ml 
washes with ice cold assay buffer. Filters are dried and counted by liquid 
30 scintillation counting. Expected values for total binding are 3000-4000 
dpm for total counts and less than 200 dpm for non-specific binding if 
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using liquid scintillation counting, or 1500-2000 dpm for total counts and 
less than 200 dpm for non-specific binding if counting with meltilex solid 
scintillant. Binding parameters are determined by non-linear least 
squares regression analysis, from Which the inhibition constant Ki can be 
calculated for each test compound. 

The compounds of the accompanying Examples were tested in the 
above assay, and all were found to possess a Ki value for displacement of 
[ 3 H]-flumazenil from the a.2 and/or a3 and/or ot5 subunit of the human 
GABAa receptor of 100 nM or less. 

EXAMPLE 1 

2 , -Muoro-5 , -(7-methvl-8-oxo-7.8-a^vdroimidazori,2 -a1pvrazin-3-vlV 

biphenvl-2-carbonitrile 

A suspension of 2,3-dichloropyrazine (35 g, 0.23 mol) in 25% 
aqueous ammonia (200 ml) was heated at 100°C for 12 h in a PTFE-lined 
pressure reactor (terminal pressure 100 psi). The reaction. was cooled to 
ambient temperature and the resulting crystalline solid collected by 
filtration. This solid was triturated with water (150 ml) and dried to 
afford 2-amino-3-chloropyrazine as a buff-coloured crystalline solid (28 g, 
92%): 5 H (400 MHz, DMSO) 6.78 (2H, br s), 7.56 (1H, d, J 2.5), 7.95 (1H, d, 
J 2.5). 

Bromoacetaldehyde diethyl acetal (45 ml, 0.29 mol) was treated 
with water (33 ml) and 48% hydrobromic acid (33 ml) and this mixture 
was heated at 95°C for 90 min. The reaction was cooled, diluted with 
propan-2-ol (300 ml) and treated with sodium hydro gencarbonate (33 g) 
added in portions. This mixture was stirred for 30 min then filtered. The 
filtrate was treated with 2-amino-3-chloropyrazine (25 g, 0.19 mol) and 
then heated at 90°C for 16 h. The reaction was cooled to ambient 
temperature, concentrated to about one-third volume and then treated 
with 48% hydrobromic acid (25 ml). More propan-2-ol (300 ml) was added 
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and the mixture aged for 1 h. The resulting solid was collected by 
filtration, washed with propan-2-ol and then dissolved in water (500 ml). 
This solution was made basic by adding solid sodium hydrogencarbonate 
and then extracted with chldrofof m (3 x 250 ml). The organics were 
combined, dried over anhydrous magnesium sulphate, filtered and 
concentrated to give a solid. Trituration with diethyl ether afforded 8- 
chloroimidazo[l,2-a]pyrazine as an off-white solid (18.6 g, 63%): 8h(360 



MHz, DMSO) 7.73 (1H, d, J 4.5), 7.87 (1H, d, Jl), 8.28 (1H, d, Jl), 8.67 
(1H, d, J 4.5). 



A cooled (0°C) suspension of 8-cMoroimidazo[l,2-q]pyrazine (18.6 g, 
0.12 mol) and sodium acetate (29.8 g, 0.36 mol) in methanol (125 ml, pre- 
saturated with solid potassium bromide) was treated with bromine (6.5 
ml, 0.13 mol) added drop wise over 5 min. After stirring for 10 min thin- 
layer chromatography indicated no starting material. Solid sodium 
sulphite (15.3 g, 0.12 mol) was then added to the slurry and stirring 
continued for 10 min. The mixture was then treated with saturated 
aqueous sodium hydrogencarbonate (650 ml) added in portions. This 
mixture was extracted with dichlorome thane (2 x 350 ml). The organics 
were combined, dried over anhydrous magnesium sulphate, filtered and 
concentrated to afford 3-bromo-8-chloroimidazo[l,2-a]pyrazine as a cream- 
coloured solid: 8 H (400 MHz, CDCla) 7.82 (1H, d, J 4.5), 7.83 (1H, s), 8.05 
(1H, d, J 4.5). This solid was suspended in 1:1 dichloromethane/methanol 
(150 ml) and treated with solid sodium methoxide (9.8 g, 0.18 mol). The 
resulting mixture was then stirred at 40°C for 2 h. The reaction was 
cooled, diluted with water (750 ml) then extracted with dichloromethane 
(600 ml). The organics were dried over anhydrous magnesium sulphate, 
filtered and concentrated to give 3-bromo-8-methoxyimidazo[l,2- 
ojpyrazine as a white solid (24.5 g, 89% over 2 steps): 5h (360 MHz, 
DMSO) 4.06 (3H, s), 7.57 (1H, d, J 4.5), 7.81 (1H, s), 8.03 (1H, d, J4.5). 

A mixture of 3-bromo-8-methox3draidazo[l,2-a]pyrazine (680 mg, 3 
mmol) and 2'-fiuoro-5 r -(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)- 



t- 



-33- 



T1567PV2 



biphenyl-2-carbonitrile (prepared as described in WO 02/074773) (1.45 g, 
4.5 mmol) in tetrahydrofuran (9 ml) was treated with 2M sodium 
carbonate (3 ml) then degassed with nitrogen for 10 min. 
Tetr^s(triphenylph^ (100 mg, 0.09 mmol) was added 

5 and this mixture was heated under reflux for 12 h. The reaction was 
cooled and the majority of the solvent removed on a rotary evaporator. 
The residue was partitioned between dichloromethane and water. The 
organics were washed with water, brine, dried over anhydrous magnesium 
sulphate, filtered and concentrated in vacuo. Purification of the residue by 

10 chromatography on silica gel eluting with 2% methanol in 

dichloromethane gave 2'-fluoro-5'-(8-methoxyimidazo[l,2-a]pyrazin-3-yl)- 
biphenyl-2-carbonitrile as a cream solid (768 mg, 74%): 5h (400 MHz, 
CDCI3) 4.19 (3H, s), 7.38-7.46 (2H, m), 7.53-7.64 (4H, m), 7.71 (1H, td, J 8 
and 1.5), 7.73 (1H, s), 7.85 (1H, dd, J 8 and 1), 8.02 (1H, d, J 4.5); mlz 

15 (ES + ) 345 [M+H]+ 

A suspension of 2'-fluoro-5'-(8-methoxyimidazo[l,2-a]pyrazin-3-yl)- 
biphenyl-2-carbonitrile (750 mg, 2.2 mmol) in hydrogen bromide (30 wt % 
in acetic acid, 10 ml) was heated at 95°C for 45 min. The reaction was 
cooled, poured into ice water and neutralised by the addition of solid 

20 sodium hydro gencarbonate. The resulting solid was collected by filtration 
and air-dried, then triturated with ether, to afford 2'-fLuoro-5'-(8-oxo-7,8- 
dihydroimidazo[l,2-a]pyra^ as a cream- 

coloured solid (550 mg, 76%): 6 H (360 MHz, DMSO) 6.92 (1H, t, J 6), 7.49 
(1H, d, J 5), 7.60-7.71 (2H, m), 7.75-7.89 (5H, m), 8.03 (1H, dd, J 7 and 

25 0.5), 11.38 (1H, d, J 5.5); mlz (ES + ) 331 [M+H] + . 

A suspension of 2'-fluoro-5'-(8-oxo-7,8-dihydroimidazo[l,2-a]p3nrazin- 
3-yl)biphenyl-2-carbonitrile (250 mg, 0.75 mmol) in acetonitrile (10 ml) 
was treated with 1,1,1,3,3,3-hexamethyldisilazane (90 pi, 0.41 mmol) and 
then heated at reflux for 2 h. The resulting gel-like mixture was diluted 

30 with acetonitrile (5 ml) then treated with chloro(chloromethyl)- 

dimethylsilane (110 pi, 0.83 mmol) and heating at reflux continued for 24 
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h. The reaction was cooled, the acetonitrile removed in vacuo and the 
residue treated with 1,2-dimethoxyethane (12 ml). Caesium fluoride (160 
mg, 1.4 mmol) was then added and the reaction heated at reflux for 6 h. 
After cooling to ambient temperature the mixture was dissolved in 1:1 
5 dichloromethane/methanol and pre-adsorbed onto silica. Purification by 
chromatography on silica eluting with 4% methanol in dichloromethane 
(containing 0.5% ammonia) followed by 8% methanol in dichloromethane 
(containing 0.5% ammonia) gave 2'-fluoro-5 f -(7-methyl-8-oxo-7,8- 
dihydroimidazo[l,2-a]pyra^^ as a cream- 

10 coloured solid (65 mg, 25%): 5 H (400 MHz, DMSO) 3.47 (3H, s), 7.19 (1H, d, 
J 6), 7.57-7.88 (8H, m), 8.04 (1H, dd, J 8 and 1); m/z (ES+) 345 [M+H]+ 

EXAMPLE 2 

15 5'-f7-Ethvl-8-oxo-7.8- fKhY^ 

2- carbonitrile 

A suspension of 2^fluoro-5'-(8-oxo-7,8-dihydroimidazo[l,2-a]pyrazin- 

3- yl)biphenyl-2-carbonitrile (50.0 mg, 0.51 mmol) in 1,2-dimethoxyethane 
(2 ml) and iV,2\^dimethylformamide (0.5 ml) was treated with sodium 

20 hydride (6.4 mg of a 60% dispersion in mineral oil, 0.16 mmol). After 
stirring at ambient temperature for 10 min, lithium bromide (26.3 mg, 
0.30 mmol) was added, and stirring continued for 15 min. Iodoethane 
(24.2 jxl, 0.30 mmol) was added and the solution heated at 65°C for 18 h. 
Water (15 ml) was added and the resulting mixture was extracted with 
* 25 dichloromethane (3 x 10 ml). The combined organic layers were washed 
with water (10 ml), saturated sodium chloride solution (10 ml), dried over 
anhydrous magnesium sulphate then concentrated in vacuo. The crude 
product was purified by flash chromatography on silica gel, eluting with 
2% methanol in dichloromethane. Crystallisation from methanol afforded 
30 5'-(7-ethyl-8-oxo-7,8-dihydroi^ 

2-carbonitrile as a white solid (23.9 mg, 44%): 8 H (500 MHz, CDCla) 1.38 



- 35- 



T1567PV2 



(3H, t, J 7.2), 4.06 (2H, q, J 7.2), 6.72 (1H, d, =75.9), 7.39 (1H, t, J 9.3), 7.44 
(1H, d, J 5.9), 7.53-7.61 (5H, m), 7.69-7.73 (1H, m), 7.84 (1H, d, J 7.3); mlz 
<ES + ) 359 IM+H] + . 

EXAMPLE 3 

2 , -Fluoro-5 , -r7-(2-£LuoroethvD-8-oxo-7.8-^ ^Y^ r " irn idazori.2-a1pvraziii-3- 
vllbiphenvl-2-carbonitrile 

The title compound was prepared in the same way as described in 
Example 2, using l-bromo-2-fluoroethane instead of iodoethane: 5h (500 
MHz, CDCla) 4.27 (1H, t, J 4.5), 4.32 (1H, t, J 4.5), 4.71 (1H, t, J 4.4), 4.81 
(1H, t, J 4.5), 6.80 (1H, d, J 5.9), 7.40-7.43 (2H, m), 7.53-7.61 (4H, m), 7.63 
(1H, s), 7.69-7.73 (1H, m), 7.85 (1H, d, J 7.7); mlz (ES + ) 377 |M+H] + . 

EXAMPLE 4 

5 , -^7-(2.2-Di^uoroethvlV8-oxo-7■8-dihvd yn^^r'^Ha7,n ^l.2-a1pvrazin-3-vl^-2 , - 
fluorobiphenvl-2-carbonitrile 

The title compound was prepared using the method described in • 
Example 2, using 2-bromo-l,l-difLuoroethane instead of iodoethane: 6h 
(500 MHz, CDCls) 4.31 (2H, td, J 13 and 4.4), 6.14 (1H, tt, J 56 and 4.4), 
6.74 (1H, d, J 6.1), 7.41 (1H, t, J 9.3), 7.46 (1H, d, J 6.1), 7.55-7.60 (4H, m), 
7.65 (1H, s), 7.70-7.73 (1H, m), 7.85 (1H, d, J 7.1); mlz (ES + ) 395 |M+H] + . 

EXAMPLE 5 

4.2 , -Difluoro-5 , -(7-methvl-8-oxo-7.8-dmvdroimidazori.2-a1pvrazin-3-vl>- 
biphenyl-2-carbonitrile 

A suspension of 3-bromo-8-methoxyimidazo[l,2-a]pyrazine (1.6 g, 7 
mmol) in hydrogen bromide (30 wt % in acetic acid, 15 ml) was heated at 
80°C for 90 min. The reaction was cooled, diluted with water (75 ml) then 
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neutralised with solid sodium hydrogencarbonate. The resulting solid was 
collected by filtration, washed with water then dried under vacuum to 
afford 3-bromo-7H-imidazo[l,2-a]pyrazin-8-one as a white powder: 8h (360 
MHz, DMSO) 6.99 (1H, d, J 5.6), 7.29 (1H, d, J 5.6), 7.62 (1H, s). This 
powder was suspended in iV;iV-dimethylformamide (15 ml) then treated 
with sodium hydride (203 mg of a 60% dispersion in mineral oil, 8.4 
mmol). The resulting mixture was heated at 60°C for 20 min then treated 
with iodomethane (870 \A, 14 mmol). After stirring for 15 min the reaction 
was cooled, diluted cautiously with water (150 ml) and then extracted with 
dichloromethane (2 x 100 ml). The organics were combined, washed with 
water, dried over anhydrous magnesium sulphate, filtered and 
concentrated under high vacuum. The residue was triturated with diethyl 
ether and the resulting solid collected by filtration to furnish 3-bromo-7- 
methyl-7i?-imidazo[l,2-a]p5n:azin-8-one as a white solid (1.4 g, 88% over 2 
steps): 5h(360 MHz, DMSO) 3.45 (3H, s), 7.28 (1H, d, J 6), 7.39 (1H, d, J 
5.6), 7.62 (1H, s). 

A mixture of 3-bromo-7-methyl-7ff-imidazo[l,2-a]pyrazin-8-one (171 
mg, 0.75 mmol), 4,2'-difluoro-5 / -(5,5-dimethyl-[l,3,2]dioxaborinan-2- 
yl)biphenyl-2-carbonitrile (prepared as described in WO 02/074773) (392 
mg, 1.2 mmol), palladium(II) acetate (7 mg, 0.03 mmol) and 
triphenylphosphine (8 mg, 0.03 mmol) in 1,4-dioxane (3 ml) and 2M 
aqueous sodium carbonate (0.75 ml) was heated at 80°C for 3 h. The 
reaction was cooled then diluted with ethyl acetate (25 ml). The mixture 
was extracted with 4N hydrochloric acid (25 ml) and the organics 
discarded. The aqueous was washed with ethyl acetate, filtered through 
GF/A glass microfibre filter paper and the filtrate made basic with solid 
sodium hydrogencarbonate. The resulting solid was collected by filtration, 
triturated with water and dried under high vacuum to afford 4,2'-difLuoro- 
5 , -(7-methyl-8-oxo-7,8-dihydroimidazo[l,2-a]pyra2in-3-yl)bip^ 
caxbonitrile as a cream-coloured solid (175 mg, 64%): 5h (500 MHz, DMSO) 
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3.47 (3H, s), 7.19 (1H, d, J 6.0), 7.57-7.61 (2H, m), 7.72 (1H, s), 7.76-7.86 
(4H, m), 8.08 (1H, dd, J 9 and 3); mlz (ES + ) 363 [M+H] + . 

EXAMPLE 6 

4.2^Difluoro-5^(7-ethy1-8-nxo-7.8 -^i>'Y^ vni '^^ a7 ' ori2 - g1p ^ az ^- 3 - vl) - 

bipheny] -2-carbonitrile 

3-Bromo-7ff-imidazo[l,2-a]pyrazin-8-one (prepared as described in 

Example 5, 1.5 g, 7 mmol) was suspended in N,iV-dimetbylformamide (i5 
ml) then treated with sodium hydride (420 mg of a 60% dispersion in 
mineral oil, 10.5 mmol). The resulting mixture was heated at 60°C for 20 
min then treated with iodoethane (840 ul, 10.5 mmol). After stirring for 
40 min the reaction was cooled, diluted cautiously with water (150 ml) and 
then extracted with dichloromethane (2 x 100 ml). The organics were 
combined, washed with water, dried over anhydrous magnesium sulphate, 
filtered and concentrated under high vacuum. The residue was triturated 
with diethyl ether and the resulting solid collected by filtration and 
recrystaUized from ethyl acetate/methanol to furnish 3-bromo-7-ethyl-7iI- 
imidazo[l,2-a]pyrazin-8-one as a white solid (0.34 g): 8h (400 MHz, DMSO) 
1.23 (3H, t, J 7), 3.94 (2H, q, J 7), 7.31 (1H, d, J 6), 7.41 (1H, d, J 6), 7.62 
(1H, s); mlz (ES + ) 244 and 242 [M+H] + . 

Reaction of 3-bromo-7-ethyl-7i3"-imidazo[l,2-a]pyrazin-8-one with 
4,2'-dmuoro-5'-(5,5-dimethyl-[l,3,2]dioxaborinan-2-yl)biphenyl-2- 
carbonitrile under the same Suzuki coupling conditions as described in 
Example 5 gave 4,2'-difluoro-5'-(7-ethyl-8-oxo-7,8-dihydroimidazo[l,2- 
a]pyrazin-3-yl)biphenyl-2-carbonitrne after recrystalhzation from ethyl 
acetate/dichloromethane: 8 H (400 MHz, DMSO) 1.25 (3H, t, J 7.1), 3.96 
(2H, q, J 7.1), 7.22 (1H, d, J 6.0), 7.57-7.61 (2H, m), 7.72 (1H, s), 7.76-7.84 
(4H, m), 8.07 (1H, dd, J 8.6 and 2.7); mlz (ES + ) 377 [M+H] + ; Found C, 
66.87; H, 3.54; N, 14.62. C2iHi4F 2 N 4 0 requires C, 67.02; H, 3.75; N, 
14.89%. 
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EXAMPLE 7 



4. 2'-fiifluoro-5 f -r7-fe , 2-(&aubfoeth\dV8-oxo-7.8- afh ydrnim i dazoll. 2- 
5 a1pyrazin-3-vl1biphenvl-2-carborritrile 

The title compound was prepared using the method described in 
Example 6, using 2-bromo-l, 1-difluoroethane instead of iodoethane: 5h 
(400 MHz, DMSO) 4.44 (2H, td, J 13 and 4.4), 6.36 (1H, tt, J 56 and 4.4), 
7.19 (1H, d, J 6.1), 7.60-7.65 (2H, m), 7.74-7.86 (5H, m), 8.08 (1H, dd, ,78.6 
10 and 2.7); mlz (ES+) 413 (M+HJ+; Found C, 60.88; H, 2.97; N, 13.38. 
C21H12F4N4O requires C, 61.17; H, 2.93; N, 13.59%. 



EXAMPLE 8 

15 4.2 , -Difluoro-5 f -f7-Q-methvlethvl)-8-oxo-7.8-dmvdroimidazori.2-a1pyrazin- 

3-vl1biphenvl-2-carbonitrile 

The title compound was prepared using the method described in 

Example 6, using 2-bromopropane instead of iodoethane: 8h (400 MHz, 

DMSO) 1.33 (6H, d, c76.8), 5.11 (1H, m), 7.20 (1H, d, J 6.1), 7.56-7.63 (2H, 
20 m), 7.74 (1H, m), 7.61-7.84 (4H, m), 8.06 (1H, dd, J 8.7 and 2.6); mlz (ES + ) 

391 |M+HJ + ; Found C, 68.00; H, 4.04; N, 14.03. C22H16F4N4O requires C, 

67.79; H, 4.13; N, 14.35%. 



EXAMPLE 9 

25 

3-CHoro-2 , -fluoro-5 , -(7-methYl-8-oxo-7.8-dihv ^rmTriiri azori.2-a1pvrazin-3- 
vl")biphenvl-4-carbonitrile 

A mix ture of 4-bromo-2-chlorobenzonitrile (2.2 g, 10 mmol) and 2- 
fluorobenzeneboronic acid (1.82 g, 13 mmol) in tetrahydrofuran (30 ml) 
30 was treated with 2M sodium carbonate (13 ml) then degassed with 

nitrogen for 10 min. TetraHs(triphenylphosphine)palladium(0) (0.58 g, 
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0.5 mmol) was added and this mixture was heated under reflux for 12 h. 
The resulting mixture was partitioned between dichloromethane and 
water. The organics were washed with water, brine, dried over anhydrous 
magnesium sulphate,, filtered* and concentrated in vacuo. Purification of 
the residue by chromatography on silica gel eluting with isohexane on a 
gradient of ethyl acetate (5-15%) gave 3-chloro-2'-fluorobiphenyl-4- 
carbonitrile as a white solid (2.3 g, 99%): 5h (400 MHz, CDCI3) 7.17-7.57 
(5H, m), 7.64-7.75 (2H, m). 

To a slurry of 3-chloro-2'-fluorobiphenyl-4-carbonitrile (2.3 g, 10 
mmol) and l,3-dibromo-5,5-dimethylhydantoin (3.1 g, 11 mmol) in 
acetonitrile (20 ml) was added concentrated sulphuric acid (0.8 ml). The 
slurry was warmed to 70°C and the resulting solution stirred at 70°C for 
16 h. After 16 h, the reaction was complete. Water (75 ml) was added and 
the resulting suspension was filtered and dried, to give 5'-bromo-3-chloro- 
2'-fluorobiphenyl-4-carbonitrile as an off-white solid (3.1 g, 98%): 5h (360 
MHz, CDCI3) 7.07-7.17 (1H, m), 7.29-7.76 (5H, m). 

5'-Bromo-3-chloro-2'-fluorobiphenyl-4-carbonitrile (0.6 g, 2 mmol), 
4,4,5,5,4^4^5^5 f -octamethy^[2,2 , ]bi{[l,3,2]dioxaborolanyl} (0.6 g, 2.4 
mmol) and potassium acetate (0.39 g, 4 mmol) were suspended in 1,4- 
dioxane (6 ml) and the mixture was degassed with nitrogen for 10 
minutes, before adding l,l'-bis(diphenylphosphino)ferrocene- 
dichloropalladium(II) complex with dichloromethane (0.05 g, 0.06 mmol). 
The resulting mixture was heated at 90°C for 12 h. The mixture was 
cooled to ambient temperature, filtered and the filter-cake washed with 
dichloromethane. The filtrate was evaporated to dryness and the residue 
stirred with ice-cold 2N sodium hydroxide (70 ml) for 20 minutes. The 
aqueous mixture was filtered and the filtrate washed with diethyl ether (2 
x 50 ml). The organics were discarded and the aqueous phase cooled to 
0°C before lowering the pH to 6 by addition of 36% hydrochloric acid. The 
product was extracted into diethyl ether to give 3-chloro-2'-fluoro-5'- 
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(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)bipheiiyl-4-carbointrile as a 

yeUow oil (0.53 g, 74%). 

3-Bromo-7-methyl-7H-imidazo[l,2-a]p3n:azin-8-one and 3-chloro-2'- 
fluoro-5'<4 ) 4,5,5-tetramethyl-[l,3 > 2]dioxaborolan-2-yl)biplienyl-4- 

5 carbonitrile were coupled in the same way as in Example 5 to give 3- 

cUoro-2'-£luoro-5'K7-methyl-8-oxo-7,8-dmydroimidazo[l > 2-a]pyra2in-3-yl)- 

biphenyl-4-carbonitrile as an off-white solid (50 mg, 26%): Sh (360 MHz, 
de-DMSO) 3.48 (3H, s), 7.18 (1H, d, J 6), 7.56-7.59 (2H, m), 7.70-7.90 (2H, 
m), 8.12 (2H, dd, J 8 and 3); mlz (ES + ) 379 [M+H] + . 

10 

EXAMPLE 10 



4.2^Dmuoro-5 , -r7-(2-fluoroethvlV8-oxo-7.8-o^hvdroimid a7^ri.2-a1pvrazin- 
3-vllbiphenvl-2-carbonitrile 

15 The title compound was prepared using the method described in 

Example 6, using l-bromo-2-fLuoroethane instead of iodoethane: 5h (400 
MHz, DMSO) 4.25 (1H, t, J 4.5), 4.31 (1H, t, J 4.5), 4.65 (1H, t, J 4.5), 4.77 
(1H, t, J 4.5), 7.18 (1H, d, J 6.0), 7.59-7.62 (2H, m), 7.74 (1H, m), 7.75-7.85 
(4H, m), 8.07 (1H, dd, J 8.7 and 2.6); mlz (ES + ) 395 [M+H] + ; Found C, 

20 63.49; H, 3.27; N, 13.96. C 21 Hi3F 3 N40 requires C, 63.96; H, 3.32; N, 
14.21%. 



EXAMPLE 11 

25 4'-Fluoro-3 , -(7-methvl-8-oxo-7.8-dihvdrn iTnidfl7.n[1.2-Qlpvrazin-3-vlV 

biphenvl-2-carbonitrile 

3-Bromo-7-methyl-7JB^imidazo[l,2-a]pyrazin-8-one and 4'-fl.uoro-3 l - 
(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)biphenyl-2-carbonitrile were 
coupled in the same way as in Example 5 to give 4'-fluoro-3'-(7-methyl-8- 
30 oxo-7,8-dihydroimidazo[l,2-a]pyra2in-3-yl)biphenyl-2-carbonitrile as an 
off-white solid (40 mg, 24%): 5h (400 MHz, de-DMSO) 3.48 (3H, s), 7.20 
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(1H, d, J 6), 7.43 (1H, dd, J 6 and 2), 7.61-7.66 (2H, m), 7.72-7.86 (5H, m), 
8.G1 (1H, dd, J 8 and 1); mlz (ES + ) 345 [M+H] + . 

"EXAMPLE 12 

5 

5 > -Fluoro-3 , -(7-methvI-8-oxo-7.8- HiTiy(lroi midazori.2- g1pvrazin-3-vl)- 

biphenvl-2-carbonitrile 

3-Bromo-7-methyl-7H-imidazo[l,2-a]pyrazin-8-one and 5'-fluoro-3'- 
(4,4 J 5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)biphenyl-2-carbonitrile were 
10 couple in tbe same way as in Example 5 to give 5'-£luoro-3'-(7-methyl-8- 
oxo-7,8-dmy<lroittudazo[l,2-a]pyrazin-3-yl)bipb-enyl-2-carbonitrile as an 
off-white solid (50 mg, 29%): 8 H (400 MHz, d 6 -DMSO) 3.48 (3H, s), 7.22 
(1H, d, J 6), 7.59-7.70 (5H, m), 7.79-7.87 (2H, m), 7.80 (1H, s), 8.03 (1H, 
dd, J 8 and 1); mlz (ES + ) 345 [M+H] + . 

15 

EXAMPLE 13 

2.2'-Dmuoro-5 , -(7-methvl-8-oxo-7.8 -^ibYHrmrniHa7:ofl.2-Qlpvrazin-3-vD- 

biphenvl-4-carbonitrile 

20 3-Bromo-7-metbyl-7fT-imidazo[l,2-a]pyrazin-8-one and 2,2'-di£luoro- 

5'-(4 J 4,5 J 5-tetrametbyl-[l,3,2]dioxaborolan-2-yl)biphenyl-4-carbonitrile 
(prepared in the same way as in Example 9) were coupled in the same way 
as in Example 5 to give 2,2'-difluoro-5'-(7-methyl-8-oxo-7,8-dihydro- 
inndazo[l,2-a]pyrazin-3-yl)biphenyl-4-carbonitrile as an off-white solid (30 

25 mg, 16%): Sh (400 MHz, d 6 -DMSO) 3.48 (3H, s), 7.18 (1H, d, J 6), 7.59-7.61 
(2H, m), 7.73 (1H, s), 7.75-7.82 (2H, m), 7.87-7.88 (2H, m), 8.05 (1H, d, J 
10); mlz (ES + ) 363 (M+H] + . 
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EXAMPLE 14 

4.2 , -Dijauoro-5 , -r7-(2.2.2-trifluoroethvlV8-oxo-7.8-dihv ^rmTnir1fl7.np 
a1pvraziD-3-vl]bit)lieiivl-2-car bonitrfle 

The title compound was prepared using the method described in 
Example 6, using l-iodo-2,2,2-trifLuoroethane instead of iodoethane: 8h 
(400 MHz, DMSO) 4.90 (2H, q, J 2.2), 7.20 (1H, d, J 6.0), 7.60-7.66 (2H, 
m), 7.75-7.85 (5H, m), 8.06 (1H, dd, J 8.7 and 2.6); mlz (ES + ) 431 [M+HJ+ 

EXAMPLE 15 

4.2'-Di£Luoro-5 , -r7-(2-methvl-2g-ri.2.41triazol-3-vlmeth vD-8-oxo-7.8- 
A\ Tiyrirni mi d a zo 1"! . 2- a1pvrazin-3-vl1biphen vl-2-carbonitrile 

The title compound was prepared using the method described in 
Example 6, using 3-cMoromethyl-2-methyl-2i?-[l,2,4]triazole instead of 
iodoethane: 8 H (400 MHz, DMSO) 3.96 (3H, s), 5.35 (2H, s), 7.28 (1H, d, J 
6.0), 7.62-7.64 (2H, m), 7.75-7.84 (6H, m), 8.06 (1H, dd, J 8.6 and 2.7); mlz 
(ES + ) 444 {M+H] + ; Found C, 62.48; H, 3.67; N, 21.98. C23H15F2N7O 
requires C, 62.30; H, 3.41; N, 22.11%. 

EXAMPLE 16 

3-r4-Fluoro-3-(l-methvl-lH-ri.2.31triazol-4-vlmethoxv ^phenvn-7-methvl- 

7g-imidazon.2-alTivrazin-8-one 

A cooled (-20°C) solution of 2,2,6,6-tetramethylpiperidine (28 ml, 
165 mmol) in tetrahydrofuran (400 ml) was treated with 7t-butyUithium 
(63 ml of a 2.5M solution in hexanes, 157.5 mmol). This mixture was then 
cooled to -78°C. l-Bromo-4-fluorobenzene (16.5 ml, 150 mmol) was then 
added neat and dropwise over 10 min and stirring at -78°C was continued 
for 3 h. Triisopropyl borate (40 ml, 172.5 mmol) was then added and 
stirring at -78°C continued for 30 min before removing the cooling bath. 
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When the internal temperature of the reaction reached -40°C, 5N 
hydrochloric acid was added (75 ml) and the mixture was stirred to 
ambient temperature. After stirring at ambient temp for 1 h the majority 
of the tetrahydrofuran was removed and the mixture partitioned between 
5 ether (500 ml) and IN hydrochloric acid (500 ml). The organics were then 
extracted with 2N sodium hydroxide (400 ml) and the organics were 
discarded. The aqueous was cooled in an ice-water bath and 5N 
hydrochloric acid (150 ml) was added dropwise over 15 min. The resulting 
white solid was collected and dried under vacuum to afford 5-bromo-2- 

10 fluorobenzeneboronic acid (25 g, 76%). 

A solution of 5-bromo-2-fluorobenzeneboronic acid (25 g, 114 mmol) 
in tetrahydrofuran was treated with hydrogen peroxide (7.8 ml of a 35 wt 
% solution in water) then with sodium hydroxide (1.4 ml of a 4N solution 
in water). A mild exotherm caused the internal temperature to reach 

15 40°C. This mixture was left to stir at ambient temperature for 14 h then 
treated with manganese dioxide (200 mg) and stirring was continued for 
90 min before filtering the reaction (GF/A filter paper). The filtrate was 
concentrated on a rotary evaporator and the residue partitioned between 
ether (400 ml) and water. The organics were washed with more water, 

20 brine and dried over anhydrous magnesium sulphate. Filtration and 

evaporation to dryness afforded 5-bromo-2-fluorophenol (19.7 g, 90%) as a 
colourless liquid: 5 H (400 MHz, de-DMSO) 6.93-6.97 (1H, m), 7.09-7.14 (2H, 
m), 10.36 (1H, br). 

An ice-cooled solution of 5-bromo-2-fluorophenol (1.91 g, 10 mmol), 

25 (l-methyl-lfl"-[l,2,3]triazol-4-yl)methanol (1.24 g, 11 mmol) and 

triphenylphosphine (3.93 g, 15 mmol) in tetrahydrofuran (50 ml) was 
treated dropwise with diisopropyl azodicarboxylate (3.03 g, 15 mmol) over 
10 min. The resulting mixture was stirred to ambient temperature over 
12 h and then glacial acetic acid (1 ml) was added. The reaction mixture 

30 was concentrated in vacuo then partitioned between ethyl acetate and 

0.01N sodium hydroxide solution. The organics were washed with water, 
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brine, dried over anhydrous magnesium sulphate and concentrated to give 
an oil. This oil was purified by chromatography on silica gel eluting with 
isohexane on a gradient of ethyl acetate (20-50%). Product-containing 
fractions were concentrated and the resulting residue triturated with 10% 
ether in isohexane to furnish 4-(5-bromo-2-fluorophenoxymethyl)-l- 
methyl-lH'-[l,2,3]triazole as a white solid (1.9 g, 66%): 5 H (360 MHz, d 6 - 
DMSO) 4.06 (3H, s), 5.25 (2H, s), 7.10-7.20 (2H, m), 7.55-7.70 (1H, m), 8.19 
(1H, s). 

4-(5-Bromo-2-£luorophenoxymethyl)-l-methyl-liir-[l,2,3]triazole was 
converted to 4-fiuoro-3-(l-methyl-lir-[l,2,3]triazol-4-ylmethoxy)- 
benzeneboronic acid as described in Example 9: 8 H (400 MHz, d 6 -DMSO) 
4.06 (3H, s), 5.19 (2H, s), 7.16 (1H, dd, J 12 and 8), 7.38-7.41 (1H, m), 7.71 
(1H, dd, J 9 and 1), 8.09 (2H, s), 8.16 (1H, s). 

3-Bromo-7-methyl-7 J fT-imidazo[l,2-a]pyrazin-8-one and 4-fluoro-3- 
(l-methyl-lfT-[l,2,3]triazol-4-ylmethoxy)benzeneboronic acid were coupled 
as described in Example 9 to afford 3-[4-fluoro-3-(l-methyl-liT- 
[l,2,3]triazol-4-ylmethoxy)phenyl]-7-methyl-7H-imidazo[l,2-a]pyrazin-8- 

one as a white solid: 5 H (400 MHz, d 6 -DMSO) 3.48 (3H, s), 4.06 (3H, s), 
5.35 (2H, s), 7.17-7.21 (2H, m), 7.39 (1H, dd, J 11 and 8), 7.55 (1H, d, J 6), 
7.60 (1H, dd, J 8 and 2), 7.67 (1H, s), 8.22 (1H, s); mlz (ES + ) 355 |M+H] + . 

EXAMPLE 17 

3-r4-Fluoro-3-(2-methvl-2i?-ri.2.41triazol-3-vlmethoxv') pbenvn-7-methvl- 

7F7"-iTniHazori.2-a1pvrazin-8-one 

A cooled (0°C) solution of 5-bromo-2-fluorophenol, (2-methyl-2iT- 
[l,2,4]triazol-3-yl)methanol and triphenylphosphine in tetrahydrofuran 
was treated dropwise with diisopropyl azodicarboxylate over 10 min. The 
resulting mixture was stirred overnight and then acetic acid was added. 
The reaction mixture was evaporated to dryness and the residue was 
partitioned between ethyl acetate and 0.01N sodium hydroxide solution. 



e 
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The organic phase was washed with water and brine, dried over 
anhydrous magnesium sulphate and pre-adsorbed onto silica. Purification 
by flash column chromatography on silica gel, eluting with isohexane on a 
gradient of ethyl acetate (10-50%), led to product-containing fractions that 
5 were combined. The material was further purified by flash column 

chromatography on silica gel, eluting with dichloromethane containing 1% 
ammonia on a gradient of methanol (0.5-3%), to give 5-(5-bromo-2-fluoro- 
phenoxymethyl)-l-methyl-l£T- [1,2,4] triazole as an off-white solid (2.1 g, 
37%): 8 H (360 MHz, CDCI3) 4.01 (3H, s), 5.29 (2H, s), 6.96-6.99 (1H, m), 
10 7.09-7.13 (1H, m), 7.29 (1H, dd, J 5 and 2), 7.88 (1H, s); mlz (ES + ) 288 
[MH + ]. 

5-(5-Bromo-2-fluorophenoxymethyl)-l-methyl-li?"-[l,2,4]triazole was 
reacted with 4,4,5,5,4',4',5',5'-octamethyl-[2,2']bi{[l,3,2]-dioxaborolanyl} as 
described in Example 9 to give 4-fluoro-3-(2-methyl-2iJ-[l,2,4]triazol-3- 

15 ylmethoxy)benzeneboronic acid as a pale yellow solid (0.43 g, 62%). 

3-Bromo-7-methyl-7jH"-imidazo[l,2-a]pyrazin-8-one and 4-fluoro-3- 
(2-methyl-2i?-[l,2,4]triazol-3-ylmethoxy)benzeneboronic acid were coupled 
in the same way as in Example 5 to give 3-[4-fluoro-3-(2-methyl-2if- 
[l,2,4]triazol-3-ylmethoxy)^ 

20 one as a white solid (58 mg, 33%): 8 H (400 MHz, d 6 -DMSO) 3.48 (3H, s), 

3.94 (3H, s), 5.52 (2H, s), 7.21-7.25 (2H, m), 7.45 (1H, dd, J 11 and 8), 7.53 
(1H, d, J 6), 7.62 (1H, dd, c/8 and 2), 7.65 (1H, s), 7.98 (1H, s); mlz (ES + ) 
355 (M+H] + . 

25 EXAMPLE 18 

7-Ethvl-3-r4-fluoro-3-(2-me 
imidazo Fl . 2-oI t> vrazin-8-one 

3-Bromo-7-ethyl-7H-imidazo[l,2-a]pyrazin-8-one and 4-fluoro-3-(2- 
30 methyl-2iT-[l,2,4]triazol-3-ylmethoxy)benzeneboronic acid were coupled in 
the same way as in Example 5 to give 7-ethyl-3-[4-fluoro-3-(2-methyl-2fl'- 
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[l,24]triazol-3-ylmethoxy)plienyl]-7fl"-i3nidazo[l,2-a]pyrazirL-8-oiie as a 
white solid (43 mg, 23%): 8 H (400 MHz, de-DMSO) 1.26 (3H, t, J 7), 3.94 
(3H, s), 3.96 (2H, s), 5.52 (2H, s), 7.22-7.26 (2H, m), 7.44 (1H, dd, J 11 and 
8), 7.55 (1H, d, «76), 7.64 (IH, dd, J 8 and 2), 7.66 (1H, s), 7.98 (1H, s); mlz 
(ES+) 369 [M+H] + . 

EXAMPLE 19 

4 9/-Difluoro-5 f -r8-oxo-7-fpvridin-2-vl Tn ft thvlV7.8-dihv(iroimidazori,2- 

a lpvrfl 7.ir»-3-vDbiphe n vl -2-carbonitrile 

The title compound was prepared using the method described in 
Example 6, using 2-chloromethylpyridine hydrochloride instead of 
iodoethane: 5h (400 MHz, DMSO) 5.26 (2H, s), 7.28-7.35 (3H, m), 7.61-7.63 
(2H, m), 7.76-7.86 (6H, m), 8.06 (1H, dd, J 8.6 and 2.7), 8.50 (1H, m); mlz 
(ES + ) 440 [M+H] + ; Found C, 68.19; H, 3.48; N, 15.69. C25H15F2N5O 
requires C, 68.33; H, 3.44; N, 15.94%. 

EXAMPLE 20 

4.2'-Difluorn-5 > -(7-metbvl-8-oxo-5.fi-7.8-tetrah vdroimidazori,2-o1PYrazin-3- 

vrfojphenyl -2-narbonitrile 

A suspension of 8-cUoroimidazo[l,2-a]pyrazine (5 g, 325 mmol) in 

5N hydrochloric acid (35 ml) was heated at 90°C for 14 h. The reaction 
mixture was cooled, then concentrated using rotary evaporation. 
Azeotropic removal of water with toluene (2 x 30 ml) gave 8-oxo-7,8- 
dihydroimidazo[l,2-a]pyrazine hydrochloride (5.7 g): 5 H (360 MHz, DMSO) 
7.01 (1H, d, J 5.6), 7.60 (1H, d, J 5.6), 7.70 (1H, s), 7.97 (1H, s), 11.59 (1H, 
br s). 

8-Oxo-7,8-dihydroimidazo[l,2-a]pyrazine hydrochloride (1 g) was 
suspended in iV'.iV'-dimethylformamide (15 ml) then treated with sodium 
hydride (650 mg of a 60% dispersion in mineral oil). The resulting mixture 
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was heated at 60°C for 20 mi-n then cooled to room temperature and 
treated with iodomethane (0.4 ml). After stirring for 15 h the reaction 
mixture was diluted cautiously with methanol (5 ml) and then silica gel (5 
g)*was added and the solvents removed under vacuum. The silica residue 
was filtered through a plug of silica gel, using 10% methanol in 
dichloromethane as eluent, then the solvents were removed in vacuo to 
leave 7-methyl-7iI-imidazo[l,2-a]pyrazin-8-one (1.15 g): 5h (360 MHz, 
DMSO) 3.43 (3H, s), 7.11 (1H, d, J 5.8), 7.46 (1H, s), 7.56 (1H, d, e/5.8), 
7.78 (1H, s). NOE studies showed that irradiation of the 3H singlet at 5 
3.43 gave enhancement of the doublet at 5 7.11 and vice-versa indicating 
that methylation took place on the 7-nitrogen rather than the 8-oxygen. 

7-Methyl-7i?-imidazo[l,2-a]pyrazin-8-one (315 mg, 2.1 mmol) in a 
Parr flask was dissolved in methanol (20 ml) and 10% Pd-C catalyst (100 
mg) was added. The reaction mixture was shaken under 55 psi of 
hydrogen for 16 days then filtered and concentrated under vacuum to 
leave a residue. This was recrystallized from ethyl acetate/methanol to 
give 7-methyl-8-oxo-5,6,7,8-tetrahydroimidazo[l,2-alpyrazine (185 mg): 5h 
(360 MHz, DMSO) 3.31 (3H, s), 3.70-3.73 (2H, m), 4.24-4.28 (2H, m), 7.08 
(1H, s), 7.32 (1H, s). 

7-Methyl-8-oxo-5,6,7,8-tetrahydroimidazo[l,2-a]pyrazine (80 mg, 
0.53 mmol) and 5'-bromo-4,2 , -difiuorobiphenyl-2-carbonitrile (prepared as 
described in WO 02/074773, 204 mg, 1.3 mol.eq) were dissolved in DMA (2 
ml) and potassium acetate (280 mg, 1.5 mol eq), palladium acetate (6 mg, 
5 mol %) and triphenylphosphine (7 mg, 5 mol %) were all added. After 
bubbling nitrogen through the reaction mixture for 10 min, the 
temperature was raised to 130°C and heating continued for 3 h. After 
cooling, the crude reaction mixture was poured onto a column of silica and 
purified using 0-5% methanol in dichloromethane as eluent. 
Recrystallization from ethyl acetate/dichloromethane gave the title 
compound (18 mg), mp 224°C: 8h (400 MHz, DMSO) 3.02 (3H, s), 3.72-3.75 
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(2H, m), 4.35-4.38 (2H, m), 7.38 (1H, s), 7.57 (1H, m), 7.72-7.78 (4H, m), 
8.06 (1H, dd, J 9 and 3); mlz (ES + ) 365 [M+H] + . 

EXAMPLE 21 

5 

4.2 f -Difluoro-5 f -(7-ethv^^ 
vl)biphenvl-2-carbonitrile 

8-Oxo-73-dihydroimidazo[l,2-a]p3oraziiie hydrochloride (see 
Example 20, 1 g) in a Parr flask was dissolved in methanol (60 ml) and 

10 10% Pd-C catalyst (300 mg) was added. The reaction mixture was shaken 
under 55 psi of hydrogen for 17 days then filtered and concentrated under 
vacuum to leave a residue. This was recrystallized from ethyl 
acetate/methanol to give 8-oxo-5,6,7,8-tetrahydroimidazo[l,2-a]p3nrazine 
hydrochloride (610 mg): 5h (360 MHz, DMSO) 3.66-3.70 (2H, m), 4.36-4.39 

15 (2H, m), 7.67 (1H, s), 7.78 (1H, s), 8.84 (1H, br s). 

8-Oxo-5,6,7,8-tetrahy(koimidazo[l,2-a]pyrazine hydrochloride (500 
mg, 40 mmol) was suspended in iV,iV-dimethylformamide (10 ml) then 
treated with sodium hydride (380 mg of a 60% dispersion in mineral oil, 
2.4 mol eq). The resulting mixture was heated at 60°C for 20 min then 

20 cooled to room temperature and treated with iodoethane (0.386 ml, 1.2 mol 
eq). After stirring for 15 h the reaction mixture was diluted cautiously 
with methanol (5 ml) and then silica gel (4 g) was added and the solvents 
removed under vacuum. The silica residue was filtered through a plug of 
silica gel, using 10% methanol in dichloromethane as eluent, then the 

25 solvents were removed in vacuo to leave 7-ethyl-8-oxo-5,6,7,8- 

tetrahydroimidazo[l,2-a]pyrazine (400 mg): 8 H (400 MHz, DMSO) 1.10 
(3H, t, J" 7.2), 3.47 (2H, J 7.2), 3.70-3.73 (2H, m), 4.23-4.27 (2H, m), 7.08 
(1H, s), 7.32 (1H, s). 

7-Ethyl-8-oxo-5,6,7,8-tetraliydroimidazo[l,2-a]pyrazine (82.5 mg, 

30 0.53 mmol) and 5'-bromo-4,2'-difluorobiphenyl-2-carbonitrile (prepared as 
described in WO 02/074773, 204 mg, 1.3 mol eq) were dissolved in DMA (2 
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ml) and potassium acetate (280 mg, 1.5 mol eq), palladium acetate (6 mg, 
5 mol %) and triphenylphosphine (7 mg, 5 mol %) were all added. After 
bubbling nitrogen through the reaction mixture for 10 min, the 
temperature was raised to 130°C and heating continued for 3 h. After 
5 cooling, the crude reaction mixture was poured onto a column of silica and 
purified using 0-5% methanol in dichloromethane as eluent. 
Recrystallization from ethyl acetate/dichloromethane gave the title 
compound (18 mg): 6 H (400 MHz, DMSO) 1.12 (3H, t, J 7.1), 3.51 (2H, q, J 
7.1), 3.73-3.76 (2H, m), 4.34-4.37 (2H, m), 7.39 (1H, s), 7.57 (1H, m), 7.72- 
10 7.78 (4H, m), 8.06 (1H, dd, J 9 and 3); m/z (ES+) 379 [M+H] + . 

EXAMPLE 22 

5.2'-Difluoro-5 f -(7-ethvl-8- 

15 vl)biphenvl-2-carbonitrile 

This compound was prepared in the same way as described in 
Example 21 but replacing 5 r -bromo-4,2'-difluorobiphenyl-2-carbonitrile 
with 5 f -bromo-5,2'-difluorobiphenyl-2-carbonitrile (prepared as described 
in WO 02/074773): 8 H (400 MHz, DMSO) 1.11 (3H, t, c/7.1), 3.51 (2H, q, J 

20 7.1), 3.73-3.76 (2H, m), 4.35-4.38 (2H, m), 7.40 (1H, s), 7.55-7.61 (2H, m), 
7.68-7.78 (3H, m), 8.13 (1H, dd, J 9 and 3); m/z (ES + ) 379 (M+H]+ 

EXAMPLE 23 

25 6.2'-Difluoro-5 f -(7-ethvl-8-oxo-5^ 
vlVbiphenvl-2-carbonitrile 

This compound was prepared in the same way as described in 
Example 21 but replacing 5 f -bromo-4,2'-difluorobiphenyl-2-carbonitrile 
with 5 f -bromo-6,2'-di£Luorobiphenyl-2-carbonitrile (prepared as described 

30 ■ in WO 02/074773): 8 H (400 MHz, DMSO) 1.20 (3H, t, J 7.1), 3.59 (2H, q, J 
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7.1), 3.82-3.85 (2H, m), 4.39-4.45 (2H, m), 7.45 (1H, s), 7.65-7.70 (1H, m), 
7.83-7.92 (4H, m), 8.00 (1H, dd, J" 9 and 3); mlz (ES + ) 379 \M+B] + . 

EXAMPLE 24 

6.2'-Difluoro-5 , -(7-methvl-8-oxn-7 «-^ihv HroitTiiHa7i ori.2-a1pvra^-3-vB- 
biphenvl-2-carbonitrile 

This compound was prepared in the same way as described in 
Example 5 except replacing 4,2'-difluoro-5'-(5,5-dimethyl- 
[l,3,2](noxaborinan-2-yl)biphenyl-2-carbomtrile with 6,2'-dinuoro-5'-(5,5- 
(limethyl-[l,3,2]dioxaborinan-2-yl)biphenyl-2-carbonitrile in the final step: 
Sh (400 MHz, CDC1 3 ) 3.59 (3H, s), 6.71 (1H, d, J 6.0), 7.37-7.67 (8H, m); 
mlz (ES+) 363 [M+H] + . 

EXAMPLE 25 

6.2'-Difluoro-5 , -(7-ethvl-8-oxo-7.8-(iihvdroimidazori. 2-alT)vrazin-3-vl)- 
biphenvl-2-carbonitrile 

This compound was prepared in the same way as described in 
Example 6 except replacing 4,2'-difluoro-5'-(5,5-dimethyl- 
[l,3,2]dioxaborinan-2-yl)biphenyl-2-carbonitrile with 6,2'-difluoro-5'-(5,5- 
dimethyl-[l,3,2]dioxaborinan-2-yl)biphenyl-2-carbonitrile in the final step: 
S H (400 MHz, CDCls) 1.38 (3H, t, J 7.1), 4.04 (2H, q, J 7.1), 6.72 (1H, d, J 
6.0), 7.38-7.67 (8H, m); mlz (ES + ) 377 |M+H] + . 

EXAMPLE 26 

5.2 , -Difluoro-5 , -(7-methvl-8-oxo-5.6.7.8-tetrahvdroimidazori.2 -a1pvrazin-3- 

vl)biphenvl-2-carbonitrile 

The title compound was prepared in the same way as described in 
Example 20 except replacing 5'-bromo-4,2'-difliiorobiphenyl-2-carbonitrile 
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with. 5'-bromo-5,2'-6^uorobiphenyl-2-carbonitrile in the final step: 8h (400 
MHz, CDCI3) 3.18 (3H, s), 3.75-3.77 (2H, m), 4.32-4.34 (2H, m), 7.24-7.28 
(1H, m), 7.30-7.38 (3H, m), 7.44-7.46 (1H, m), 7.52-7.55 (1H, m), 7.83 (1H, 
dd, J 7 and 4); m/z (ES + ) 365 |Mh-H] + . 

EXAMPLE 27 

4.2^Difluorn-5 , -r8-oxo-7-rpvridin-2-vlmetb.v lV5.6.7.8-tetrahvdro- 
iTn^flzori. 2-a1pvrazip-3-vl'>bir)he nvl-2-carbonitrile 

8-Oxo-5,6, 7,8-tetrahydroimidazo[l,2-a]pyrazine hydrochloride (87 
mg, 0.53 mmol), prepared as described in Example 21, was reacted with 5'- 
bromo-4,2'-difluorobiphenyl-2-carbonitrile (prepared as described in WO 
02/074773, 204 mg, 1.3 mol eq) in DMA (2 ml) in the presence of potassium 
acetate (280 mg, 1.5 mol eq)', palladium acetate (6 mg, 5 mol %) and 
triphenylphosphine (7 mg, 5 mol %). After bubbling nitrogen through the 
reaction mixture for 10 min, the temperature was raised to 130°C and 
heating continued for 3 h. After cooling, the crude reaction mixture was 
poured onto a column of silica and purified using 0-5% methanol in 
dichloromethane as eluent. Recrystallization from ethyl acetate/ 
dichloromethane gave 4,2'-difluoro-5'-(8-oxo-7,8-dihydroimidazo[l,2- 
a]pyrazin-3-yl)biphe.nyl-2-carbonitrfie (126 mg): 8 H (400 MHz, DMSO) 
3.54-3.58 (2H, m), 4.28-4.32 (2H, m), 7.39 (1H, s), 7.54-7.59 (1H, m), 7.71- 
7.78 (4H, m), 8.05-8.08 (1H, m), 8.18 (1H, br s); m/z (ES + ) 351 |M+H] + . 

The title compound was prepared using the method described in the 
first part of Example 6, using 2-chloromethylpyridine hydrochloride 
instead of iodoethane: 8 H (400 MHz, DMSO) 3.60-3.64 (2H, m), 4.18-4.22 
(2H, m), 4.60 (2H, m), 7.08-7.11 (1H, m), 7.16-7.19 (1H, m), 7.21 (1H, s), 
7.54-7.59 (1H, m), 7.52-7.56 (5H, m), 7.82-7.86 (1H, m), 8.30-8.32 (1H, m); 
m/z (ES + ) 442 [M+H] + . 
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EXAMPLE 28 

S^^DifLuoro-S'-fT-metlivl-S-oxo-S.e.T.S-tetraJ ivtlrmnii dazori^-alpvra^iii-S- 
vl)biphenvl-2-carbonitrile 

The title compound was prepared in the same way as described in 
Example 20 except replacing 5'-bromo-4,2'-di£luorobiphenyl-2-carbonitrile 
with 5'-bromo-6,2'-difluorobiphenyl-2-carbonitrile in the final step: 5h (400 
MHz, CDCls) 3.19 (3H, s), 3.73-3.78 (2H, m), 4.28-4.35 (2H, m), 7.34-7.42 
(3H, m), 7.45-7.49 (1H, m), 7.54-7.58 (2H, m), 7.64 (1H, m); m/z (ES+) 365 
[M+H] + . 
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